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Pair, Triplet, and Total Atomic Cross Section's (and Mass Attenuation Coefficients) for 
1 MeV-100 GeV Photons in Elements Z = 1 to 100 
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H. A. Gimm 

Nucl. Phys. Group MPI f. Chem., Mainz, W. Germany 

I. ~verb; 
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Tables of photon cross sections and mass attenuation coefficients for an 
eJementsZ= 1 to 100 are given for photon energies in the range 1 MeV to 100 GeV. 
The pair and triplet production cross sections take into account recent theo
retical work, including atomic form factor and incoherent scattering function 
data, as well as extensive new total attenuation coefficienL measurements at. 

Mainz. Cross section values ]'or the atomic photoeffect. and coherent and 
incoherent (Compton) scattering are explicitly listed and are included in the 
total cross sections (excluding photonuclear) and mass at.tenu·ation coefficients. 

Key words: Attenuation coefficient; cohcrent scattering; Compton scattering; gamma rays; 
pair production; photoeiectric absorption; photons; triplet production; x-rays. 
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Photon absorption and cross section dat.a ILbove 1 
MeV are required in u variet,~y of applications whi,·.h 
include, for example, medical radiology, indusiril1 
inspection and processing, nuclear power plant COl'e 
and shielding design, and interpretation of nucJeti r 
physics experiments. The pair and triplet prod uctio, 1 

processes, with thresholds of 1.022 MeV (twice th,) 
electron rest-mass energy) ami 2.044 11eV (foul' timet \ 
the elect.ron rest-mass energy), respect.ively, dominatE 
the t.otal cross sectlon for high photon energies. For 
II low-Z atom such as carbon (Z=6), these ])rocesses 
provide t.he major contribution to the total a,bsorption 
cross-sect.ion in t,he photon energy region EZ100 
MeV (see fig. 1). For higher-Z a,toms such as copper 
(..%=29) and lea,d (Z=82) these processes predominate 
throughout the region E~lO MeV (see figs 2 a.nd 3). 
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F1GVRE 1. Contributions of (a) ntomic photoefiect, .,., (n) co
herent scattering, UCOH, (c) incoherent (Compton) 
scattering, UINCOH, (d) nuclear-field pair produc
tion, "D, (e) electron-field pair production, "., and 
(f) nuclear photoabsorption, UPH.N., to the total 
measured cross section, "TOT (circles) in carbon 
over the photon enerln' range 10 eV to JOO GeV. 
The measured "TOT points, taken from 90 inde
pendent literature references, are not all shown in 
regions of high measurement density. 
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F1GURE 2. Contrihutions of (a) atomic photoeffect, .,., (b) co
herent scattering, O'COH, (c) incoherent (Compton) 
scattering, ITJNCOH, (d) total pair production, K, and 
(d) nuclear photoabsorption, O'PH.N., to the total 
measured cross section, "TOT (circles) in copper over 
the photon energy range 10 eV to 100 GeV. The 
measured "TOT points, taken from 116 independent 
literature references, are not. all shown in regions of 
high measurement density. 
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LEAD (Z '82) 
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FJGURI,3. Contributions of (a) atomic photoeffect, ", (b) co
herent scattering, "COH, (c) incoherent (Compton) 
scattering, "INCOR, (d) nuclear-field pair production, 
Kh, (e) elect.ron-fip.ln p".ir production, H., And (£) 

nuclear photoabsorption, "PH.N., to the total 
measured cross Rection, "TOT (circles) in lead over 
the photon energy range 10 eV to 100 GeV. The 
measured "TOT points, taken from 121 independp.nt 
literature references, are not all shown in regions of 
high measurement density. 

Recent pair production and total absorption cross 
section measurements are reported in, e.g., references 
[1-23];1 earlier measurements are' summarized in 
[24-26]. New theoretical estimates of the pair pro
duction cross section are given, e.g., in references 
[27-44], and earlier theoretical developments are 
summarized in [45]. The above new material indicates 
that previous tahulationa of photon t:rv~:s :section data 
above 1 MeV (see, e.g., [26], also [44-49], all with pair 
and triplet cross section values traceable to [26)) should 
be revised. In particular, for high-Z materials in the 
energy region 10 MeV to 30 MeV where photonuclear 
absorption [50, 51] is significant, the present total 
atomic cross sections differ from those in reference [26] 
by as much as 4 percent. 

Reference [26] included photon cross section and 
attenuation coefficient data over the wider energy 
range 10 k~V to JOO GeV, but for only 23 elementa 
ranging from Z= 1 to Z= 92. The present tables expand 
this coverage, for photon energies above 1 MeV, to 
include all elements Z= 1 to 100. Also, a more closely
spaced energy gTld IS used in the photon energy re/!ion 
1 to 30 MeV to reduce interpolation errors. A 10w
energy compilation of cross-section and attenuation
coefficient data for photon energies 1 keV to 1 MeV, 
for all elements Z= 1 to 100, is in prep a.rn tion. 

1 Figures in brackets indicate literature references at the 
end of this paper. 

1.2. Physical Constants, Units, Notation 2 

Symbols used in this work to denote physical 
quantities, as well as numerical values used for the 
physical constants, are listed as follows: 

c velocity of light=2.99792458 '108 m S-1 

e elementary charge = 1.6021892 '10-19 C 
=4.803242 '10-10 cmS/2 gl/2 S-1 (e.s.u.) 
= 1.5189186 '10-14 mS/2 kgl/2 S-1 

me electron rest-mass = 9. 109534 '10-81 kg 
meC~ electron rest-mass energy = 5.1 10034' 105 eV 

mr recoil mass (e.g., nucleus or struck electron) 
b barn = 10-28 m 2 

7'e classical electron radius=e'/(mec2
) 

=2.8179380 '10-15 m 
r 2 =7.940775'10-30 m2=0.07940775 b e 

a fine structure constaD,~=e2/(fic) 
=7.2973506 '10-3=1/137.03604 = 1/137 

¢ Z2·7'e2 • a =Z2·5.794662·1O-32 m 2 

=Z2. 5.794662 '10-4 b 
ao nnst Dolu- ruJiu:::;=r,,!a"=5.2917706·lO-1l m 

=0.52917706 A 
E photon energy in eV units (e.g., keV, MeV 

or GeV) 
k photon energy in units of the electron rest

mass energy (i.e., m ec
2 units) 

=E(eV)/511 003.4 
"(A) phvtvu wavelength in angstroms (1 ang

strom=10-10 m=O.l nm)=12398.520/E(eV) 
{J angle between the photon directions of travel 

prior to and following a scattering interaction 
T+,T_ kinetic energy of the positron or electron, 

respectively, for pair production in the lab
oratory system, in mec2 units 

E+, E_ total energy of the positron or electron, 
respectively, for pair production in the 
laboratory system, in mec2 units, i.e., 

T_ I +l, R T_+l 
(3+, fL ratio of the positron or electron velocity. 

respectively, to the velocity of light 
x =sin ({J/2)/A(A) 

kg momentum transfer to an atom or electron 
(or, in vector notation, hq=kl-k" where kl 
and kr are the initial and final momenta of 
the photon). In units of meC, f!,q=2k sin ((Jj2). 
Conversion of q-arguments in mee units to 
x-argument!> is accomplished by rilUltiplica
tion by the fa,ctor 20.60744= )~·511003.4/ 
12398.52 

Z atomic number=electrons/atom 
N A Avogadro constant = 6.022045 '1023 mol-1 

AT rela,tiv() tJ,tomic mtJ,ss (atomic weight) 
Ucoh Rayleigh ("coherent") scattering cross sec

tions per atom 

2 Numerical values given here are those recommended in 
1973 by the Task Group on Fundamental Constants, Com
mittee on Data for Science and Technology (CODATA) of the 
International Council of Scientific Unions (ICSU) [52J, taken 
from an analysis by Cohen and Taylor [53]. 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 



1026 HUBBELL, GIMM, AND <DVERB¢) 

O"lncoll Compton ("incoherent!') coilision cross sec
tion per atom 

T 1.01al atomic phot,oelect.ric a )sorpt.ion cross 
section per atom 

Kn cross section for pair product-it'n (coherent, in 
screened nuclear field) 

Kn BH unscreened Born-approxima ;ion (Bethe-
Beit.ler) pair production cross lection 

Ke cross section for incoherent pI,ir production 
(with excitation or ionization )f the atom), 
frequently denoted "t.riplet pro luction." 

O"oh.n. total photonuclear absorption cross section 
=0(')', n)+u(-y, p)+ .. , 

a ele,' total cross section for photor interaction 
with an atom (tot.al "elect.roni(" cross sec
tion), excluding O"Oh.n. 

= (J coh + O"lncoh+ T + Kn+ ". 

a,o, tot.al cross section for photon intelaction with 
an a.t()m = 0" e lee + I] ph.n. 

}lIp mass attenuat.ion coefficient, exc11ding I]ph.n. 

=Oeloc' (NAjAr), in units of m2/k~ (multiply 
m2/kg table-entries by 10 if cm2h units are 
desired) . 

2. Pair Production Cross Section (Coht·rent, in 
Screened Nuclear Field) 

In coherent production an elect.ron-posit.ro ~ pa.n· 1S 

produced in the screened nuclear field (i.e. atomic 
field), and the atom recoils without internal e~ 3itation. 
This is in cont.rast to incoherent productJOn (see 
section 3) in which the atom is elt,her eXlited or 
ionized (triplet production). 

2.1. Unscreened Born Approximation, 2« k ~ <:fJ 

As in previous systematic cross section com))1l'ations 
m this series 124, 26], the Bet-he-neitler Born-a] proxi
mat.ion un screened pair-}Jroduction cross soction 
154-56], Kn

BIl
, is used as an init.ial approximaflJn to 

which Coulomb correct.ions (treated in section 2.2), 
screening corrections (section 2.3) and rae!; ative 
corrections (section 2.4) are applied. (See refe. 'ence 
[45], equat.ions (4.06)-(4.08), and t.able 6.0] j)T Ii 

definition and limitations of the Born approxima ',ion, 
and reference PIS], section 2, 1'0)' a definition of the 
Coulomb and screeninp: corrections.) Racah 156) gives 
a )·at.her compact formulg.tion for "nBH which mvo ves 
no high-energy (k» 1) approximation: 

K BIl=~f692+46817+ 767)2+ 108173 K( 
n l 27(1 +17)" ,.,) 

692+3601)+6921)2 E()- (1-1)2 [r~ ]{U) 
27(1+7))3 '1, 4 (l-t-7))2 .10 T-=-~ d~ 

-4 r~ -~ (, KW d~ ],l(l) .J 0 1 _.\2 .J 0 1 - ; I 

in which 4>=Z2. 5.794662 '1O-32m2, 7)= (k-2)!(k+2). 
k is the photon energy in mec2 units and K(Tj) 1 a.ls( 

J. Phys, Chern. Ref. Data, Vol. 9, No.4, 1980 

K(O} and E(fJ) are complete elliptic integrals of the 
first, Hnd second kinds, respect.ively. 

For convenienee in comput,ations, Maximon j5'1]. 
hilS derived rapidly-eon verging series-expa,nsions from 
equation (1) for high IIml low k-values hy appro
priately expfi.nding E Hnd E and performing- term-by
term analytical inllll!:l'Ii.lions to give 

BH_ - 27T(k-2):1 
Kn -cf>- ---

3 k. 

X 1 +_p+_p2.J..._p6+_p~+ . .. ,k<4 [ 
1 23 11 .. 29 ] 
2 40 '60 960 ~ , 

in which 

2k-4 

a.nd 

-(~y [;36 tn 2k+~J 

- - ----- in 2k---- + ... ,k>4 (2)"[ 29 77 ] 1 
k 9 . 256 27 . 512 I ~ , 

where 

'" 1 
t(3)~= 2:: 0=1.2020569 

n~l n 

(211) 

(2b) 

(Riemann's zet.a-function), (3) 

The two expansions (2a.) and (2b) , using only the 
terms gIven here, provide values of Kn l'm (fiorn, 
unscreened) accurate to within 0.01 percent over the 
entire energy range from threshold to a.rbitrarily 
high energies. 

2.2. Coulomb Correction 

If one disregards screening and radiative correc
tions, the Coulomb interaction gives rise to a pertur
bation series, the first term of which is the Bethe
Beitler Born-approximation un screened cross section 
Kn BE. The sum of the higher-order terms in this Born 
series is the so-called Coulomb correction. The im
portance of this correction in processes like pair 
prUlluciion lUlU Lrerm;:strahluug :steJJJ::; hom the fact 
that the expansion parameter is aZ rather than a. 

2.2.1. The Davies-Bethe-Maximon High-Energy Coulomb Correction 

Bethe and Maximon 158J have derived expressions 
for the pair production and bremsstrahlung differ
ential cross sections valid for all Z for E+, E_, k» 1mec2 
by includin/! the Coulomb interaction in the un-
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perturbed Hami1tonian. Partial integration of these 
expressions by Davies, Bethe, and MR'Ximon \59J 

gave the result 

d"n/dE+=2(bk-3(E~ +E: +iE+E_) 

X[2tn 2EtE_- 1- 2f(Z)] (4) 

The last term in the square brackets is the so-called 
"Coulomb correction" term in which 

f(:t)=a" 1: (2+1 2)' 
.~l P P a 

(5) 

where a=aZ. 
For convenience in computation, equation (5) may 

be rewritten [591 as 

f(Z)=a2{(1+a2)-;+~ (_a,2)n-1f.ti2n+I)-1l} (6) 

in which ~(s) is again the Riemann zeta function 

(7) 

such that 

f(Z)=a2 { (1 +a2)-1+0.202059-0.03693a2 

+0.00835a4
- 0.00201 a6+ O.00049aE 

-OOO0l2a IO+O.OOOO::la12- ••• ). (8) 

S~renssen [60] integrat.ed equation (4) over t,he 
Coulomb-conection term to give 

-iJ.K Sct>r(Coul)=-4Z2aT 2 ---+--- feZ) (
7 2 4 8 ) , 

n , • 9 k 3k2 9k3 • 

_ (7 2 4 8 ) 
-4r/1 9-k+3P-9p feZ) (9) 

in which the leading term is seen to be the ext.reme 
relativistic Coulomb correction 

given by Davies, Bethe, and Maximon [59]. 
Neither equation (9) nor (10) can be used for 

photon energies much beiow 100 MeV, particula,rly 
for heavy elements, and in fad either case, jf unmodi
fied, would result. in a negative cross section j01' energies 
below about 4 MeV. 

2.2.2. Coulomb COflection for Low Energies, 2 < k < 1 0 

For low energies, exact results for the Coulomh 
conection were ohtained by 0verb!/l, MOl'k, and Olsell 
[35, 36], using relativistic Coulomb wave functions in 
the form of partial wave expansions. By this method, 
an analytic expression for the positron energy spectrum 
is obtained in terms of partial wave sums involving 
App en~function series, both of which converge rapidly 

for incident photon energies near threshold (k=2 mec2
) 

but not adequately for machine computation for 
k,<.lO mec2. 

The positron energy spectra thus obtained by 
0verb9S, Mark, and Olsen 135, 36J are asymmetric, 
particularly for high-Z elements and for near-threshold 
incident photon energies, favoring positrons of high 
energy. The Coulomb correction to the total cross 
section is negative for photon energies very dose to 
threshold, but is generally positive for 2.2 mec2$k 
< 10 mec2. (For detailed results, see references [35, 36]; 
;e also section 2.2.3.) 

2.2.3. Coulomb Corredion for Intermediate Energies 

For photon energies between 5 and, say, 50 MeV 
there has been a gap in the theoretical understanding 
of the Coulomb correction, and hence of the pair cross 
section it.self. Various empirical [26, 59] and semi
empiricR.l (24, ::15, 36, 6l) low-energy modifications. 
based in part on experimenta.l informa.tion at inter
mediate energies, have been offered to bridge this gap. 
However, interpretation of intermediate-energy meas
urements for this purpose is not stnl.ighLfurwanl, due 
to the broad and somewha,t irregula.r photonuclear 
dipole giant. resonance in the region "-'5-30 MeV as 
will be discussed in section 7. 

0verb$i5 139] has derived a "bridging" expression by 
noting t,hat a high-energy expansion of the exact dif
ferential expressions in references {35] and (36] should 
yield a. Coulumb GUlTedju)J l:QlltuiHing terms as given 
in equation (9) plus odditional terms of the form k-l, 
k'-2, ... , k- 1tn(k/2), k-'tn2(k/2), k-2tn2 (k/2), . ... A 
fit to the exact results in the region 3.5mec2,$k::::: 
10 m.c2 [35, 361 ~ave the following result (39) 

-iJ.Kn!1l(Coul)=4i {-~f(Z) G-k+3t2-9~8) 

+~ [c]tn2 ~+c2tn ~+cs (l-i) ] 
+p [c4£n3 ~+c5tn2~+cfi (1-~)J1 (11) 

in which if> =aZ21'.2 and, set,ting a=aZ, 

cJ =a2
( - 6.366+4 .14a2

), 

c2=a2(54.039.-43.126a2+ 11.264a'), 

c3=a2
( -52,42:3+49.615a2-14.0R2a'), 

c,= 10.9380.2 (1 '-0.2/0.:324). 

Cf,= -12. 705a.2 (] --0.2/0.324), 

c6=9.093a"(j -·a2/O.824). (12) 

Equn lion (11) is seen to c:ontain the Davies-Bethe
rv1:txiJ1)ol1 (:orrcc1ion ilS 1he len,ding term. The maxi
mum error, occurrinl! somewhere in tl18 intermediate 
rep:ion from 5 to 50 MeV, was estimated to be of the 
order of H few tenths of a percent of the total cross 
section, which was :11so shown in 134). Recently, very 
nccurate measurements of the total absorption cross 

J. Phy •. Chem. Ref. [)a!a, Val. 9, No.4, 1980 
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section for Z=82 and Z=92 1.ave been made in the 
energy region of 50 to 250 Me 1 [62] where the photo
nuclear cross section is negligi )le in comparison with 
the total absorption cross section. These measurements 
serve as a check of the Coulomb correction computed 
using equations (11) and (12). 1t should be noted that 
equations (11) and (12) also gi ve a convenient. para
metrization of the low-energy e.cact results {35, 36J in 
the range 3.5mec2,:5k;$1Omec2 (with errors of the order 
of 0.1 percent). 

2.3. Screening Co,'rection 

As discussed by Davies, Beth<l, and Maximon [59] 
and in [37, 38], screening is for h gh and intermediate 
energies well accounted for in the Born approximation. 
This may be understood semic1ilssically, considering 
the fact that the higher-order terms in the Born 
series (which give rise to the Co 110mb correction in 
the uDl5creened ca~e, M dilS\,;UlSlSCd iu lSection 2.2) are 
related mainly to small distanceE from the nucleus, 
corresponding to high momentum transfer, for which 
screening is unimportan t High ~r-order screening 
corrections are therefore negligib:e, except for low 
energies, as we shall discuss in subEection 2.3.4 

2.3.1. Bethe·Heltler Screened Born Approxinlatlon, High Enel9les 

The Born approximation screenec cross section, 

(13) 

was worked out in the high-energy I.pproximation by 
Bethe and Heitler [54, 63]. For high energies (E+,E_, 
k» 1) and negligible nuclear reCOIl (q '«kmr!m., where 
mr is the mass of the recoiling nuclnus), their result 
was 

Kn
BH (scr)=4ik- a .r-1 

dE+ [(E~+E:)(ll (q_~)2 

X[l-F(qk, Z)J d;+ll+i l~;-E_ 
Ii. , 

xtr (qL 6/i2q tn ~+3029-io3) 

x[ 1-F(~ Z)J i +~}] (14) 

in which E+, E_ are the outgoing positro:l and electron 
energies, o=k/(2E+E_) (hence 0::::::0::::::1.0 and F(q,Z) 
is the atomic form factor (see, e.g., refmences [64, 65] 
and references cited therein). 

With the Thomas-Fermi [66, 67] staistical-model 
approximation for the atom, the doublt integrals in 
equation (14) can be reduced to sinl~le integrals 
[54,68] as 

Kn
TF (sCr)=4ik-ai k

-

1 

dE+[ (E~+E:)( eM')') -~ tn Z) 
2 ' 4 )] +3 E+E_( 4J2h)-3 k Z (15) 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

in which the functions tPl(')') and 4J2h), where ,),=100 
k/(E+E_ZIJ3) , were given graphically by "Bethe and 
Heitler [54] and by Wheeler and Lamb [68] and have 
been recently discussed and tabulated by Tsai [41] 
who used the' Moliere \69J representation of the 
Thomas-Fermi atom. 

With our present knowledge of the unscreened cross 
section K"BH (cL, equations (2a, 2b» we can get more 
accurate results, particularly for intermediate energies, 
by calculating only the screening-correction part of 
eq (14). Substituting k-E+=E_ in equation (14) 
and replacing 

and dropping the constant terms 1, %, which cancel, 
in the inner integrands, screening corrections to the 
nuclear-field pair production cross section in the 
Bethe-Heitler Born approximation are calculable 
according to 

-~/(nBH (scr)=ij)k- a i k
-

1 

dE+ [{E~+(k-E+)Z} 

X{f.l (9- 0)2[ _F(~Z) (2_F(~Z2)J'} 

+~ E+(k-E+{C (q3_ 6029 tn f 
+ 352q-403) [ _F(~ Z) (2-F(~ Z»)] ~~}} (16) 

in whleh 

Equations (14) and (16) are similar to expressions 
developed and used by Sj1lrenssen [60] for his extensive 
numerical calculations (from 10 MeV to 100 GeV, 25 
elements Z=] to 92) of screened pair production cross 
sections. His resul ts were the source of the pair
production screening correct.ion.;:. sHFB \i!>.t,p,d (table 
2.-13) and used in NSRD8-NBS 29 [26]. Sj1Jrenssen's 
expressions differ from equations (14) and (16) in that. 
his inner integrals over q are taken from (j to 00 

(act.ually, truncated at q=8 meC for "relative error 
< 1 0-4") instead of from ~ to 1 m.c as above and in 
reference [631. S¢renssen used non-relativistic Hartree
Fock-Slater F(q,Z) values from Hanson et a1. [70) 
available over t.he range 0::::::9::::::0~3 meC, above which 
he used Thomas-Fermi-Moliere (66, 67, 691 F(q,Z) 
values over the remaining range 0.3<q::::::8 moc. 

Equation (16) should be only approximately true, 
even in the high-energy limit. However, numerical 
compllt.ations of the screening correction in the form 
of the multiplicative factor [Kn BH_ AKn BH(scr)]IKnBH differ 
from an exact Born-approximation screening correc
tion (which will be given in section 2.3.3) by less than 
0.2 percent (less than 0.05 percent for k?:;5 mec2) over 
the entire photon energy range from threshold to 
extreme high energies, for elements Z= 1 to 50. For a 
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heavier element such as U(Z=92) the difference (from 
exact Born, section 2.3.3) increases to a maximum of 
nearly 1 percent at threshold, decreasing with increas
ing energy to 0.2 percent or less for photon energies 
above 200 mec2 (~100 MeV). 

A practical advantage of equation (16), in addition 
to its suitability for comprehensive and detailed cov
erage of the entire Z-E-ranges on a modest computa
tional facility for interpolation, extrapolation and a 
rough check of the exact-Born results (sec. 2.3.3), is 
that the dependence of E+ (or E_) is explicitly given, 
as required for computations of energy deposition or 
mil.!':!,; fmergy Il.h!';orpt.ion p.oAffir.iAnt!'; 

For the above purposes, particularly to aid in extrap
olation (as will be discussed in section 2.5; see also 
table 1) of the pverbyS [37, 38] results to Z=I,2 and 
to Z=93 to 100, values of -AKnBH(scr) were systemati
cally computed by numerical integration of equation 
(16) over the entire range of photon energies (1.022 
MeV:::::E;S100 GeV) and for all elements (I:::;::Z:::;::100) 
considered in this work. Values of the atomic form 
factor F(q,Z) used in equation (16) are those compiled 
in reference [651 from the relativist.ic calculat.ions by 
Doyle and Turner [71], Cromer and Waber {72] and 
0verbjiS [731-

Table 1. Nuclear-field pair-production relativistic screening correction factors [1 - RJ, computed from 0verb¢ 

[37,38J parametrized -6K B(scr) results for Z = 3 to 92, extrapolated to Z = 1 and to Z = 100 
n 

using -6Kn
BH (scr), eq (16), as discussed in section 2.5. 

2.0 

3.0 
5.0 

10. 
20. 
30. 
50. 

100. 
lOO. 

300. 

500. 
1,000. 

2,000. 
3,000 

5,000 
10,000 
20,000 

30,000 
50,000 

100,000 

200,000 

E(HeV) 

1.022 

1.533 
2.555 
5.110 

10.22 
15.33 
25.55 

51.10 
10l.2 

153.3 

255.5 
511. 0 

1,022. 
1,533. 
2,555. 
5,110. 

10,220. 

15,330. 
25,550. 

51,100. 

102,201. 

0.9997 

0.9997 
0.9998 
1.0000 
1.0000 
1.0000 
0.9999 

0.9991 
0.9935 

0.9840 

0.9616 
0.9133 

0.8522 
0.8143 

0.7671 
0.7070 
0.6523 

0.6230 
0.5893 

0.5483 

0.5121 

0.9999 

1.0000 
1.0000 
0.9998 

0.9988 
0.9967 
0.9902 
0.9704 
0.9379 

0.9133 
0.8758 
0.8163 

0.7527 
0.7160 

0.6719 
0.6169 

0.5680 
0.5422 
0.5125 

0.4765 
0.4450 

0.9992 

0.9999 
0.9999 
0.9982 
0.9936 
0.9886 
0.9780 
0.9538 
0.9151 

0.8844 

0.8398 
0.77~2 

0.7086 
0.6720 

0.6288 
0.5760 
0.5296 

0.5053 
0.4774 

0.4437 
0.4143 

A modified Simpson-rule numerical integration pro
cedure given by Spencer [74] was used for both the 
inner 

and outer 

integrals in equation (16), over a mesh of 500 and 200, 
respectively, logarithmically-spaced points. For each 
element Z= 1 to 100 the inner integrals, analogous to 
the ePl('Y) and CP2('Y) functions in equation (15), were 
computed for a fixed grid of 34 a-values over the 
range 10-8:::;::0:::;:: 1.0. The outer integral in equation (16) 

0.9999 

0.9994 
0.9980 
0.9938 
0.9855 
0.9779 
0.9631 

0.9317 
0.8864 

0.8529 

0.8055 
0.7378 

0.6721 
0.6362 

0.5942 
0.5434 

0.4992 

0.4761 
0.4496 

0.4178 

0.3900 

0.9976 

0.9963 
0.9937 

0.9875 
0.9764 
0.9665 
0.9488 
0.9105 
0.8583 

0.8223 

0.7735 
0.7059 

0.6417 
0.6069 

0.5665 
0.5177 
0.4755 

0.4534 
0.4282 

0.3979 
0.3714 

0.9925 

0.9936 
0.9907 
0.9837 

0.9714 
0.9605 
0.9406 

0.9006 
0.8463 

0.8091 

0.7591 
0.6910 

0.6270 
0.5926 

0.5527 
0.5048 

0.4635 

0.4419 
0.4173 

0.3877 

0.3619 

0.9925 

0.9910 
0.9878 
0.9803 

0.9669 
0.9547 
0.9337 

0.8916 
0.8349 

0.7968 

0.7462 
0.6780 

0.6145 
0.5805 

0.5413 
0.4942 

0.4536 
0.4325 
0.4084 

0.3794 

0.3541 

92U 

0.9904 

0.9890 
0.9858 

0.9782 

0.9637 
0.9504 
0.9284 
0.8847 
0.8270 

0.7887 

0.7383 
0.6705 

0.6077 
0.5740 

0.5352 
0.4887 

0.4485 
0.4277 
0.4038 

0.3751 
0.3501 

0.9843 

0.9829 
0.9798 
0.9720 

0.9578 
0.9446 
0.9227 

0.8793 
0.8220 

0.7833 

0.7327 
0.6650 

0.6024 
0.5688 

0.5302 
0.4841 

0.4443 
0.4236 
0.3999 

0.3716 
0.3467 

was then computed to give 6KnBH(scr) for each of 44 
photon energy values spanning the range 1.022 MeV 
:::;::E:::;::100 GeV, obtaining inner-integral values by 
log-log quadratic interpolation from the above 34 
point-values (as a function of a) for each element 
Z=l to 100. 

2.3.2. Tsai Screened Born Approximation, 2«k::::: ro 

Tsai [41] has derived differentia] cross section ex
pressions for bremsstrnhlung and phot.oproduct.ion of 
lepton pairs, ineluding muons and heavy leptons as 
well as electron-positron pairs, based on work of 
Bjorken [75], Von Gehlen [76], and Drell and Walecka 
[77J who generalized the Bethe-Heitler result to deal 
with particles of arbitrary mass, spin, form factors 

J. Phys. Chern. Ref. Data, Vol. 9, No.4, 1980 
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nnd Ilrl)III"III"Y finnl !'illlli'''. "'i\lll'" i''\jlnlt"'sloIlS, ()xllcl 
10 old,,! ,/ 1,,1' piliI' pl'l),IIII'IIO:I, Ill''' sOllw\\,bnJ J.)ngthy 

IIwl "llllliJnhl)llll' for IISI' in 1IIIIlwri,,"l COllJjlut,nt,jons, 
110\\'1'\'('1", for plpet I"oll-posi 1 i 011 ]lairs n t high energies 

(l~'" E, ,10>/2111,,1") lind smnll (; :)ening angles (8+,8_«1) 
TSlli's expression for the integi n1 eross sect.ion, negleet
ing the part ide rest-mnss in t,'ole limits of int.egration, 
reduces to the triple integml 

xT.n;(scr)=4¢k-1 (1 d ( .. dt 1 [::x2
-2X+1 + 4tX(1-.l)] 

n Jo x.Jo 1 (1+£)2 (l+t)4 

X .e:: [<q2_ q:n,u2) (1- F(~ Z)Y ~~]-.f(7)} (17) 

in which x=E+/k, t=E+28+2, q:n;,2=(l+t)/[2kx(l-x)], 
F(q, Z) is the atomic form f::;ctor and feZ) is the 
Davies-Bethe-l\1aximon [59] Coulomb correct.ion dis
cussed in section 2.2.1. 

2.3.3. Exact Evaluation of Bom-Approximelion Screening Correction to 
the Total Cross Sec lion 

As was discussed in reference [~], including compari-
50n with recent meMurements [I, 2), Jost, Luttinger, 
and Slotnick (JLS) [78] derived an expression for 
nuclear-field pair production in 1. le Born approxima
tion and for small nuclear recoil but without the ex
treme high energy approximatioll. The .TLS expres
sion, also requiring atomic form fact.or data F(q,Z) 
as input for numerical computati,ms (e.g., references 
[3, 38]), was derived using a covll'ill,nt method based 
on the unitary charn,cter of the sCllttering . matrix, 
llnd is given, fl.S typographically cor:'ected by Borsellino 
[79]. as 

KnB(scr)=8Cf,k-2 (ktJik'-4 [l_F(q, Z~J2{(1 1 q2) J 1 
Jk-11k'-4 Z 

)+(3+
2k 

\ 3q 

in which 

(19) 

(20) 

(2]) 

(22) 

and 

(23) 

J. Phya. Chem. Ref. Doto, Vol. 9, No.4, 1980 

];1 is E1IIer's dilogarithm 180,81], sometimes called t.he 
SPCllC« 182J funetion, :lnd is defined as 

L2(-x)=-1-X tn (~-t) dt. (24) 

L 2(-x) can be expanded 

Another useful relation is: 

L.(-x)=L. C~x)-; tn O+x) tn C~J 
11'2 

for x>O (26) 

which was used in the comput.ations in reference [3] 
for Ixl:::::O.6. 

An Axpre""ion for the screening correction ilKnB(scr) 
analogous to equation (16) is obtained by again replac
ing the factor 

in equation (18) by 

{[I_F(~Z)T-l} or _F(~Z) [2_F(~Z)J 

This method has been used by jOverblil [37, 38] and by 
Gimm and Hubbell [3]. 

For high energies, the JLS recoil dist.ribution may 
be expanded and one gets [37] 

tn k 1 
Kn

B (scr) =C\ (Z)+C2(Z) +cs(Z) Tc 

I higher-ordor terms (27) 

where the Z-dependent coefficients are given as 

and 
., [1_F(~Z)J 

c3(Z)=8~ r -'"'--2 ---11-tn (2q)] dq. Jo q 
(27c) 

The cross section KnB(SCr) is thus given in t.he high 
energy limit by c\ (Z). A convenient expansion of the 
integrand in Cl (Z) for small q may be found in [37]. 
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Formula (18) has been used by Gimm and Hubbell 
[3J to calculate screening corrections for intermediate 
energies. ~verb9> [37J has presented accurate results 
for 36 elements Z=3 through 92, parametrized in the 
form 

tn k 1 
Kn

ll (scr)=CI(Z)+C2(Z) T+Ca(Z) Tc 

1 
+](2 [c.(Z) tn3 k+C5(Z) £n2 k+C6(Z) tn k+C7(Z)] (28) 

in terms of the above coefficients Cl(Z), C2(Z) and ca(Z) 
(equation (27a)-(27c» plus four additional coefficients 
c.(Z)-C7(Z) empirica11y fitted to the higher-order-term:s 
contribution indicated in equation (27). In [37), inter
polation vs Z was performed to obtain Cl(Z)-C7(Z) 
coefficients for 54 additional elements to provide 
systematic coverage for all elements Z=3 through 92. 
The modified expansion formula (28) covers the photon 
energy range from infinity down to ,....,15 MeV or 
40 MeV (depending on the atomic number). 

For the region not covered by these results, accurate 
numerical values for the screening correction may be 
obtained from the analytic fit [38J 

with 

R= (1.61-5.6Z;z:+4.93x")/(lOOk) 

+ (-O.048-2.6Jx+6.36xL 2.65x3
) XlO- 2 

+ (-3.69+42.3x- J 7.9x2+O.826x3)kX 10-4 

+(O.119+3.58x-17.2x2+11.7x3)k2x 10-5 

(29) 

+ (0.087-2.8x+7.65x2)k3XlO- 7• 

In this formula 

(29a) 

X= (aZ)2/a, (01= 1/137.036) 

and k is the photon energy in units of mec2. The fit 
reproduces the numerically calculated (reference [38)) 
va.1ues of R in the range 

a.25,Sk;S90, 3::;:::Z::::;:25 

3.25~k~35, 26::;:::Z::;:::92 

with an r.m.s. deviation of 0.0003. Deviations Jarger 
than 0.001 occur only for Z=3. For the elements with 
Z=3 to 7 the following fit is better (with errors of the 
order of 10-4): 

R=CI+C2k+cak2+C4k3; 3.25;Sk;S90; (30) 

with the constants CCC4 (from reference 138]) given as 

Z '1 (,2 C, C, 

'--.. -
3 5. 12X 10-' -6. 22X 10-5 2.21XI0-6 -3.7GX10-o 
4 7.22XIO-< -1. 01 X 10-4 4. 38XlO-6 -1. 50XlO-8 
5 6. lOX 10-4 --1. 08 X 10-4 6. lax ]0-' -2. 63XIO-8 
6 2.21 X 10-4 -7. 94XIO-s 7. 15XIO-~ -3. 47XlO- 8 

i -7.06XI0-5 -~4. 32 X 10-5 7.80XlO-5 -4. 14XIO-8 

2.3.4. Sunning Corrections, low Energies 

For low enorgics, scrooning ic not adoquu,tcly de
scribed in the Born approximation, as mentioned in 
the introduction to section 2.3. 

This was shown by Tseng and Pratt \42] who com
puted low-energy screened cross sections using numeri
cally calculated radial wave functions, with a screened 
potential of the form 

where Vel(r) is the contribution from the atomic 
eleet-rono to the potential cnergy of thc crcu,tcd elec
tron, and VOKS(r) is the Gasrar-Kohn-Sham [83, 84] 
equivalent exchange potentia 

(32) 

in which Pel(r) is the radial electron density distribu
tion. 

Tseng and Pratt observed that the results of the 
above detailed computation could be approximated to 
within ",1 percent, R,t least for k,?:: 2.6 mec2, by applying 
to the point-Coulomb positron energy spectrlt of 
0verb~ et al. (36] an energy-shift 

(33) 

in which rn is the nuclear radius, leading to 

(34) 

Combining the 'above results, Tseng and Pratt in 
reference [43J provide a table of Kn TP(scr) values for 
Z= la, 29, 53, 68, 82, and 92 over the range 2.1 
mec2~k~ 1O.Omec2

• 

For phot.on energies in the range 5 to 10 mec2 the 
Tseng-Pratt correction is decreasing fast, but sti11 
positive. It has been pointed out by 0verbjij that the 
sign of the total screening correction in this region will 
change when one takes into account the Born screening 
term. The point made by 0verb~ is that the energy
shift screening correction in this energy region repre
sents only the higher-order screening corrections, so 
that. the Born screening term must be added sepa
rately 138J. Arguing for a somewhat different energy
shift, viz. 

(35) 

(corresponding to no exchange for the positron and 
neglect of exchange for the electron) 0verb~ thereby 
gets screening con ections which are somewhat. larger 
than those of Tseng and Pratt for k:5: 3 and smaller for 
k,?::,3, becoming negativeior k,?::,5m~c2. j2)verb¢presents 
his results for the low-energy screening correction as 

j.Kn \'1 (!"'cr) = - LlKn B (scr) +Ll Kn(? (SCI', higher order) 

(36) 

J. Phys. Chern. Ref. Data, Vel. 9, Nc. 4, 1980 
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where ;he higher-order screening correction, obtained 
by intE grating over equation (34), is given in param
etrized' form: 

t1i~(scr, higher order)=a2Za exp(S) barns (37) 

in whicl 

S=-7.904-1.737a+7.465a2 

+(-O.048+0.894a-2.541a2
) tn k 

+ (-1.216+5.158a-4.83a2)/(k-2) 

-0.219/(k-2)2, (37a) 

with k in units of m.c2 and a=aZ. Equation (38) 
reproduces the calculated values in the range, 3m.cZ.$ 
k::::=:lO m.c" with errors of the order of lO-'XKnDn

, and 
may safely be used for extrapolation up to k"'(2 
+Z3/2/40) m.c2 (for large Z). For higher energies, the 
higher-order screening correction is negligible, as 
discussed at the beginning of section 2.3. For the 
region below k~3 m.c2, results are given 138] in terms 
of tables for the total cross section Kn, including 
screening a,nd Coulomb corrections. 

In table 2 we present values of the low-energy 
higher-order screening correction factor composited 
by smoothly (Jog-linearly) joining the Tseng-PraU and 
0verb~ results as follows 

for k==:2.3mec2 

(E~ 1.18 MeV) 

t ( k-2.0)1 
tn A-tn (!!.) n ~. 

A t (5,U-:W)J for 2.~<k<!,d\ 
n 2.3-2.0 

=t1K~ (seT, h.o.) 

in which "h.o." signifies "higher-order," 

A=.~KJP (scr, h.o.) at k=2.3mec2. 
and 

B=L'K~(scr, h.o.) 

for k;::: 5.0 m.c2 

(E,.2:2.56 MeV) (38) 

The values in table 2, t1KnTP-lIl(scr, h.o.)/KnBH, are to be 
added to the entries in table 1, 1.0-AKnB(scr)jKnBH, to 
give the total screening correction factor. 

TP-0 RH Taole 2. Low-energy h1gher-order screen1ng correct1ons ~Kn (scr,h.o.)/Kn to nuclear-f1eld pa1r prOduct1on. 

obtained by sm)othly jOining (a) the results of Tseng and Pratt [43J (k ~ 2.3 me(2) to (b) those of 0verb¢ [38] 

(k? 5.0 mec2) These corrections, added to the Il - RJ-values in table 1, give the total screening factors used 
in computing tl e nuc1ear-fie1d pair production cross sections in table 6. 

k(mec2) : (I'leV) lH 6C 13A£ 29Cu 531 68Er 82Pb 92U 100Fm 

2.10 1.073 0.0079 0.0195 0.0430 0.1560 0.5100 0.8900 1. 3150 1.6500 1.9400 
2.15 1,099 0.003!:i 0.008(; 0.0190 0.0890 0.2710 O.47!jO 0.7290 0.9700 1.1 sso 
2.2 1 124 0.0022 0.0055 0.0122 0.0610 0.1750 0.3090 0.4940 0.6560 0.7900 

2.3 1. 175 0.0013 0.0031 0.0069 0.0344 0.0980 0.1725 0.2750 0.3640 0.4400 
2.5 1.278 0.0006 0.0017 0.0039 0.0169 0.0481 0.OB49 0.1373 0.1858 0.2308 

3.0 1. i33 0.0002 0.0008 0.0018 0.0065 0.0183 0.0324 0.0535 0.0746 0.0961 

4.0 2.1144 0.0001 0.0003 0.0008 0.0025 0.0070 0.0124 0.0208 0.0300 0.0400 

5.0 2. t 55 0 0.0002 0.0005 0.0014 0.0040 0.0071 0.0120 0.0176 0.0240 
6.0 3. C56 0 0.0002 0.0004 0.0010 0.0027 0.0046 0.0075 0.0107 0.0143 
8.0 4.0\8 0 0.0001 0.0002 0.0006 0.0016 0.0027 0.0041 0.0056 0.0073 

10.0 b.l 0 0 0.0001 0.0002 0.0005 0.0012 0.0019 0.0028 0.0037 0.0046 
15.0 7.6tS 0 0.0001 0.0001 0.0003 0.0008 0.0011 0.0016 0.0020 0.0023 
20.0 10.22 0 0 0.0001 0.0003 0.0006 0.0008 0.0011 0.0013 0.0015 

30.0 15.33 0 0 0.0001 0.0002 0.0004 0.0006 0.0007 0.0008 0.0008 
40.0 20.44 0 0 0.0001 0.0002 0.0004 0.0005 0.0005 0.0006 0.0006 
50.0 25.55 0 0 0.0001 0.0002 0.0003 0.0004 0.0004 0.0004 0.0004 
60.0 30.66 0 0 0.0001 0.0002 0.0003 0.0003 0.0004 0.0004 0.0003 
80.0 40.88 0 0 0.0001 0.0001 0.0003 0.0003 0.0003 0.0003 0.0002 

100.0 51.10 0 0 0.0001 0.0001 0.0002 0.0003 0.0002 0.0002 0.0002 
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2.4. Radiative Correction 

An additional correction, omitted from all the above 
unscreened and screened theoretical estimates of the 
nuclear-field pair production cross section, is the 
"radiative correction" [85-95]. This correction, of the 
order of 1/137, is associated wjth the emission and 
reabsorption of virtual photons and wjth the emission 
of both soft and hard real photons. 

For purposes of the present work, numerical values 
for the radiative correction were obtained from for
mulas and tabulated values given by Mork and Olsen 
[92]. For moderat.ely low energies and for extreme high 
energies Mork and Olsen give, respectively, 

tn 2k-l.58 
A (rad. corr.)=0.93 tn 2k-2.08 % 

(no screening; 30 mec2;:;;k;:;;100 m.c2) (39) 

A(rad. corr.)=(0.93±0.05)% 

(complete screening; 1000 mec2;!;,k;!;,oo) (40) 

In the intermediate region (partial screening; 100 
mec2,$ k,$l 000 mec2) radiative correction values were 
obtained by interpolation and extrapolation of table IV 
of Mork and Olsen [92]. 

Mork and Olsen [92] do not claim any validity for 
equation (39) for k.$30 mec2, and it can be seen also 
that this equation has a siugulariLy aL tll 2k=2.08 (ur 
at k=4.0 mec2). Since no theoretical estimate, to the 
aut,hors' knowledge, is available covering the region 
2 m.c2:::::k~.30 m.c2, an empirically-determined sine
function cut-off has in this work been applied to 
equation (39) to give a total attenuation coefficient 
in the region 5 to 10 MeV consistent with available 
recent measurements. 

Sample values of the radiative correction A{rad. 
corr,) , composited as described above including the 
"inp.-fnnr.t.;on low-energy cut.-ofl', 1'1.1'". li"t.p.rl in t.l'I.hle 3. 

Table 3. Radiative corrections li(rad corr) (percent, positive) to nuc1ear

. field pair production, from Mork and Olsen [n] (their table IV, eqs X.3, 

X.4). with empirical (this work) low-energy Sine-function cut-off, 

E (~leV) 1H 13A£ 29Cu 50Sn 82Pb 100Fm 

3.0 0% 0" " O'! ,. 0% 0% 0" " 
4.0 0.06 0,06 0.06 0 0 0 

5.0 0.21 0.21 0.21 0 0 0 

6.0 0.42 0.42 0.42 0.03 0 0 

8.0 0.88 0.88 0.88 0.26 0.06 0.06 

10.0 1.18 1.18 1.18 0.61 0.28 0.28 

15 1. 115 1. 16 1. 16 1.16 1.02 1.02 

20 1.13 1.13 1.13 1.13 1.13 1.13 

30 1.10 1.10 1.10 1.10 1.10 1.10 

40 1.09 1.08 1.08 1.08 1.08 1.08 

50 1. 07 1.07 1.07 1.06 1.06 1.06 

60 1.06 1.06 1.05 1.04 1.04 1.04 

80 1. 05 1.04 1.04 1.02 1.02 1.02 

100 1. 03 1.03 1. 02 1.01 l.00 l.00 

150 1.01 1.00 .99 .98 .96 .96 

200 .99 .98 .97 .95 .94 .94 

300 ,96 .95 .94 ,94 .93 .93 

400 ,95 .94 .93 .93 .93 ,93 

500 .94 .94 .93 .93 .93 .93 

600 .93 .93 .93 .93 .93 .93 

.93 .93 .93 .93 .93 .93 

2.5. Composited Nuclear·Field (Coherent) Pair and radiative corrections) according to the following 
Production CroS!! $edion scheme: 

For purposes of the present tabulation of photon 
1.022 MeV::::::E::::::5,0 MeV(2,O mec2:::::k~9.78 mec2): cross section and mass attenuation coefficient data, 

we have constructed a table of coherent pair produc-
For this where theoretical estimates tion total cross sections Kn (listed as "PAIR PRO- range, are 

DUCTION, NUCLEAR FIELD" in table 6). This mostly given in terms of more or less densely tabu-
was done by selecting among the above theoretical lated numerical values, the cross section was obtained 
cross section estimates (including Coulomb, screening as 
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+,::hJP-I?I(scr, h.o.)]/«:B1 (41) 

where KnBB is the Bethe- Heitler [54J unscreened Born
approximation cross s(\ction computed using the 
Maximon [57J eXpH,Dl'.ion in equatlon (29,) for k..-:;;,4 m ec2 

and in equation (2b) for t>mec2, The ratio Kn"'MO/KnBH 

was interpolated from t.le 0verbj?l-Mork-Olsen low
energy exact unscreened numerical results discussed 
in section 2.2.2. The exac ;-Born (B) and higher-order 
(TP-~) screening correcti{ ns, - AKnB(scr) and AK"TP-0 
(scr, h.o.) have been disc lssed in sections 2.3.3 and 
2.3.4, respectively, and are 1 abulated (in multiplicative
factor form) for some sallple elements and photon 
energies in tnbles 1 and 2. 

Although -AKnB(scr) is seen to be a small or 
negligible contribution in tho s energy reglOn, it becomes 
comparable in magnitude to AKnTP- 0 (scr, h.o.) for 
high-Z elements for k,c;5.0 1ileC2

• The extrapolation of 
available (Z=3 to 92) - h./{nB(s;~r) results to all 
elements Z= 1 to 100 will bE discussed below. As can 
be seen in table I, and as d;scussed in reference [38~ 
(section 3.4; see also fig. 2 in 138]) ,- AKnB(scr) remains 
a small but finite negative cor. "ection even at threshold 
(k=2.0 m.c2

) because "even f.or low energjes a certain 
fraction of the pairs are produced in the elect-ron 
charge region (mostly in the inner part.) where t.he 
electric field is reduced compl,red to the unscreened 
case." 

For E>5.0 MeV, the cross se ~tion was obt,ained as 

Kn=[K~B {[K~H_AK~ (~cr)+AK~ (3cr, h.o.)J/I(~n) 

-AK~(OOU]))·[1+A(rad. corr.)J. (42) 

The quant,it-ies Kn'j}j and -Al(nB(s~r) were defined for 
equat.ion (41), above, and AKD~:scr, h.o.)=AKnTP- 0 

(scr, h.o.) (equation (38» in 1his energy region. 
Numerical va1ues of -AKnB(scr), i1 the form of [I-RJ 
=11-AKnB(scr)/KnBH], were assemb.ed, for purposes of 
thjs compilation, as follows, in who ch R has the same 
meanmg as in equations (29) and (W): 

/l-R], Z=1,2: 

"Exact Born" (see sec. 2.3.3) scr,~ening corrections 
AKnB were not computed in reference [37] for Z= 1 and 
2. However, Ior Z=3 to 6, [l-RJ-va.ues compu1ed as 
!J - (AKnBH(scr)/KI1BE)] using equation (16) were found 
to differ by less than 0.05 percent, from 11· RJ com
puted as [l-(AKnB(scr)/KnBH)] using equations (28-:30). 
Hence for Z= 1 and 2, for which differences should be 
even smaller if -AKnB(scr) were fp'ailable, !I-R) 
values computed from equation (16) WHe used directly 
except for k::::15mec2, where the _Ax,B(scr) energy
dependence for Z=3 was applied as a slaa]] (::::0.03%) 
correction. 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 

[J -N), Z=;) !,O 92: 

For all elements Z=3 to 92 the exact-Born screening 
fact,or [1 -Hl, sample values of whicb are given in 
table], were eomputeo over the entire energy range 
2.0 m(.c~::::k::::=2.0X JO' mec2 using equations (28, (29, 
29n), u.n.J (:30), ()Il.eh in its specified region of validity. 
NumeriCl11 Ylllucs for the coefficients CI to C7 used in 
equnJioll (28) were taken from table I of reference [37]. 
These coeffir:ien1.s, ns was discussed in sect.ion 2.3.3, 
were fitted t,o - AKn B (SCI') values comput.ed by ~verbj?l, 
using the Josl-Lut,t,inger-SloLnick [74) formulation 
given in equation (18), for all element.s Z=3 to 20 
and for 18 elements in the I'l111ge Z=22 to 92. ~verbs:s 
includes (in tnble I, reference [37]) coefficients Cl to C7 

for t.he remaining 54 elements in the range Z=21 to 
91, obt.ained by Z-interpolatioIl, also used in the 
present work. 

[I-R], Z=93 to 100: 

For Z=87 to 92, k,$200 m.c2
, [1-R] values obtained 

from equation (16) differ systematically from values 
from equation (28) by nearly a constant 0.2 percent. 
increment, while for lower energies this difference in
creases by varying amounts to as much as + l.O per
cent at k=2.0 m.c2 for Z=92. This near-threshold 
larger difference results because -h.KnB(scr) goes to a 
finite value at threshold, rather than to zero as does 
-AKnBH(scr), as discussed above and in section 3.4 of 
reference [38J. Thus [I-H] values for Z=93 to 100 
(Z~lOO example given in table 1) were obtained for 
k:::::200 rn.c2 from equation (16), decreased by 0.2 per
cent. For lower energies, the Z=93 to 100 [l-R] 
values use the Z=92 -AKnB(scr) energy dependence, 
normalized to the -AKnBH(scr) values from equation 
(16) (less 0.2 percent) at k=200 mec2. 

In equation (42) the Ooulomb correction AKn~(Coul) 
is that of pverbfi [39] given in equations (11) and (12) 
in section 2.2.3. Finally, the radiative correction A(rad. 
corr.) in equation (42) is that of Mork and Olsen 192], 
extrapolated to energies below 15 MeV as discussed in 
section 2.4. 

The magnitudes of the above corrections (screening, 
Coulomb and radiative) are shown in the form of per
cent contributions to Kn (equations 41 and 42) in 
figures 4, 5, and 6 for carbon, copper and lea.d, respec
tively. Also sho'\\'n, for comparison, are the Davies
Bethe-Maximon (DBM) [59) extreme high-energy 
Coulomb correction and the S~renssen \(5) Coulomb 
correction, both of which are rest.ricted in application 
to energies above ~10 MeV for a light element such 
as carbon, and to a,bove ~200 MeV for o· hSIl,VY ele
ment such as lead. 

We emphasize that in the region E<15 MeV theo
retical estimates of the radiative correction A(ra.d. 
corr.) are lacking, and t.hat this correction has been 
extrapolat.ed to threshold by an ad hoc proeedure in 
which this correction is neglected altogether for 
E;54 MeV for low-Z elements and for E$8 MeV for 
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tion cross section Kn in carbon from threshold (1.022 MeV) to 10 GeV. 
The high-energy Coulomb corrections of DaYies, Bethe and Maxi
mon {59} and Sj'Srenssen [60J, not used in this work, are shown also in 
percent form for comparison. 
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The high-energy Coulomb corrections of Davies, Bethe and Maxi
mon 1591 and S¢renssen [60J, not. used in this work, are shown also in 
percent form for comparison. 

high-Z elements (ta,bl( 3). From this source, in the 
present tables for Kn (eq' lations (41) and (42)), one ma.y 
expect errors of the oreer of 1 percent for the energy 
range 1-10 MeV, 

In equation (42) the Mork-Olsen radiative correc
tion is taken to apply also to the Coulomb correction. 
Strictly speaking, this i;; probably not quite correct, 
but the error introduced win probably be small, of the 
order of 0.1 percent. Errors of the same order are 
introduced by the neglect (except for low energies) of 
higher order screening corrections [3, 37, 38]. 

For intermediate eneqies, the uncertainty in the 
Coulomb correction IDay be a main source of error 
(d. sec. 2.2,3). This uncertainty has been estimated 1.0 
be a few tenths of a percent [39]. 

It should be noted that the form factors [64, 71-73] 
that were used in t.he screening calculations on which 
the present tables are based are free-atom form fa,ctors. 
For high energies, the screening effect depends strongly 
on the electron charge demities at large distances from 
the nucleus, i.e., at the ilLteratomic boundaries. We 
have not estimated to wh.bt extent sucb interatomic 
"binding" effects may chbnge the form factors for 
small momentum transfers and hence the screening 
correct,ion .6Kn B (scr). 
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3. Im;oherent Pair Production Cross Section (Pair 
Production with Excitation or loniz.ation (Trip
let ProductionU 

3.1. General Remarks 

Whereas pair production on free electrons has a 
threshold of 4 mec2 (=2.044 MeV), as required by the 
sharing of the photon energy and momentum between 
the target electron llnd the created pair, the threshold 
for incoherent production on atoms strictly speaking 
lies only slightly above 2 m.c2, The reason is that 
momentum can be transferred to the atom both in 
excitation and ionization [96J, The cross section below 
4 m.c2 will however be very small, and is neglected in 
table 6. 

In the case of ionization, the tracks of the two 
electrons and the positron may be visible as three* 
prollg~d event:;; in a streamer or cloud chnmber or in 
a photographic emulsion: hence the name "triplet 
production." In the present work, "triplet" or "triplet 
production" is frequently used as a synonym for the 
whole process of incoherent production, i.e., including 
also excitation. 

An exact theoretical treatment should include the 
following effects: 
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(i) atomic binding of the target electron, 
(ii) screening by the other atomic electrons and 

by the field of the nucleus, 
(iii) retardation which occurs when the atomic 

electron recoil velocity is not negligible in compari
son with the velocity of light. 

(iv) the ,),-e interaction of the incident photon 
with the atomic electron (i.e., virtual Compton 
scattering in which the scattered photon gives rise 
to an electron-positron pair). 

(v) exchange terms resulting from the indis
tinguishability of the two electrons, and 

(vi) the radiative corrections. 
Noone treatment has included all six of these 

effects, so numerical values are usually obtained from 
a combination of one or more of the following theoret
ical treatments, all of which employ the Born approxi
mation. 

3.2. Un screened Triplet Calculations 

3.2.1. Borsellino-Ghinetti Triplet Formulas 

Of the effects listed in section 3.1, above, Borsel
lino [97] took into account only retardation (iii) to 
derive an expression for the triplet cross section 

. {28 218 
Ko (Borsellmo corrected) =Zar.2 "9 tn (2k)- 27 

-~[~tn3 (2k)-3 tn2 (2k)+6.84 tn (2k)-21.51]} (43) 

in which a sign-error in the last term (-21.51), 
pointed out by Mork [98}, has been corrected. Suh and 
Bethe [99] have shown that at high energies Borsel
lino's neglect of exchange (v) is unimportant. 

Ghizzetti [1001 derived additional terms, through 
k-7

, for equation (43) to give the Borsellino-Ghizzetti 
expansion 

+! (-~ tn3 2k+3 tn2 2k- 60+16a tn 2k 
k 3 3 

+ 123+1~~+16b) 

+.!. (~ tn3 2k-4 tn2 2k+ 51 +32a tn 2k 
P 3 3 

123+3!a+64b) 

+p (tn2 2k- 5; tn 2k- 29152~:88a) 

1 (49 115) 
+1(4 - 18 tn 2k- 432 

+l (_ 77 t 2k-L 10831) 
Jc5 36 n • 8640 

1 (641 64573) 
+]C6 - 300 tn 2k+ 36000 

1 (4423 394979) ] +p -1800 tn 2k+216000 + ... (44) 

with a=-2.4674 and b=-1.8031. 

3.2.2. Votruba-Mork-Haug Triplet Colculations 

Votruba [101] derived differential expressions (of 
considerable complexity) for the triplet cross section 
which include the effects of ,),-e interaction (iv) and 
exchange (v) in addition to retardation (iii). These 
expressions were integrated numerically by Mork 
[98J for photon energies 4mec2:::::k::::16mec2. Later, 
Haug (102) derived a lengthy analyt.ical expression 
for the integrated triplet cross section, from which he 
computed numerical values of the cross sect,i{)n Kell 

over the ran!!e 4.001 mec2:::::k:::::5000 m ec2, above which 
Kell is indisti~guishable from the Borsellino-Ghizzetti 
triplet cross section KeBO given by equation (44). The 
Haug numerical results, which still neglect atomic 
hilllling (i), screening (ii) and radiative corrections 
(vi), but which include retardation (iii), ,),-e inter
action (iv) and exchange (v), are given in table 4 in 
the form of the ratio KeH/KeBG. 

3.3. Triplet Screening Corrections 

3.3.1. Bethe-Heitler, Wheeler-Lamb Formulas 

Analogous to the nuclear-field pair-production 
cross section expression in equation (15) for a Thomas
Fermi [66, 6iJ atom, Wheeler and Lamb [68J derived 
from the Bethe-Heitler {54] results an expression for 
t.he cross section KeTF(scr) for incoherent pair pro
duction on atoms ("screened triplet"), valid for high 
energies 

in which the functIOns "'1(')') and "'2(-Y) , where ')' 
= 100 k/E+E_Z2/3, were given numerically (graphically) 
by Wheeler and Lamb [68]. 

The Wheeler-Lamb 1/;1(-Y) and 1/;2(')') functions are 
associated with the inner integrals over dq of the 
Bethe-Heitler [MJ formula (equation (4» in which 
the form-factor bracket 

has been replaced by the incoherent scattering function 

Seq, Z) -z-

counterpart. The Thomlls-Fermi S(q,Z) values used by 
Wheeler and Lamb t.o obtain "'1(')') and "'2(')') are the 
S(v) values taken from the works of Heisenberg [103] 
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H BG lable 4. Ratio "e IKe of the Haug [102J unscreened exchange-corrected 
. 1 t' H tn p et croSS sec 10n Ke to the Borsellino-Ghizzetti 197,100J cross section 

KeOG given;n eq (44). 

k(mec2) H 
Ke IKe 

BG k(mec2) 

4.000 0 6.6 

4.001 .000098 7.0 

4.002 .000393 7.4 

4.003 .000888 7.8 

4.004 .001583 8.0 

4.005 .002477 9 

4.01 .009871 10 

4.02 .03684 11 

4.03 .07284 12 

4.04 .1098 13 
4.05 .1444 14 

4.1 .2489 16 

4.2 .3418 18 
1\.1\ .M91 20 

4.6 .5254 25 

5.0 .6335 30 

5.4 .7066 35 

5.8 .7595 40 

6.0 .7803 45 

6.2 .7990 50 

and Bewilogua [104]. It should be noted that the use 
of t.he incohercD1 scattering function in "screened 
triplet" ealeulati(lns is equivalent to taki:pg into 
account, at least, approximat.ely, both ionizatIon and 
excitation of the atom [68]. This is the reason for mak
ing a principal dist'.nction (as in sec. 2 and 3) between 
eoherent and incol.erent production, rat.her than be
tween pair produ ~tion and pair production with 
ionization. 

In this work the Bethe-Heit.1er formulation is used 
directly, following Rnasel [30), using the updat,ed 
S(g,Z) values compiled by Hubbell et a1., [64J prin
cipally from the co:rliguration-interact.ion Z=2 to 6 
results of Brown [105 1 o,nd nonrelo,tivistic Hurt-rec-Fock 
results of Cromer and Mann [106-108] for the remain
ing Z's. Cast in the form of the sereening part only J 

analogous to equat;on (16), the triplet screening 
correction _~I(.Bn(SeI) is 

-~K~}i(scr)=4ZO'r.k-; ik
-

1 
dE+ [[E~ -(k-E+)2] 

XLf (q-W [S(q2. Z) -1 J ~n+~ E+(k-E+) 

XLC(qo-60 2Q In ~_'-302q-403) [S(qi Z) 1J ~~}] 
(46) 

in which, again, o=kI\2jl:+(k-E+)1, E+ 1S th~ posit-rOll 
(or electron) total encr~) in 1/lcc2 units, kis the ineiden1 
phot.on cner;.::.v in m"r,' unit" und q is the mOllwn1'1I11' 

t,ransfel' in m.(; IlTIit 1:3. 
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K HI BG 
e Ke k(mec2) H BG 

Ke IKe 

.8305 60 1.0105 

.8552 70 1.0099 

.8746 80 1.0094 

.8913 90 1.0089 

.8988 100 1.0085 

.9268 150 1.0067 
9463 200 1.0064 

.9605 300 1.0040 

.9708 400 1. 0031 

.9784 500 1.0026 

.9841 600 1.0023 

.9927 700 1.0019 

.9984 800 1. 0017 
\'002S 900 )'OO1~ 

1.0073 1000 1.0014 

1.0097 1500 1.0009 
1.0106 2000 1.0007 
1.011 a 2500 1.0006 

1.0110 3000 1.0005 
1. 01 09 5000 1.0003 

Table 5 gives triplet screening corrections obtained 
by numerical integrat.ion of equation (46), using in
coherent scattering functions S(q,Z) from reference 
[64J, in the form of a muitiplieative factor [1(.11 
-~KeBE(scr)]/KeH to be applied to the Haug [1021 eross 
section K/'I. The differences between values of 
-~KcBH(scr) eomputed using equation (46) and values 
from a more exact ealculation (- ~Ke BMG(scr), equation 
(48) in sec. 3.3.3, below) are less than 0.6 pereent of 
the unscreened triplet eross section KeH for high-Z 
elements, and even less for light elements. 

3.3.2. JO$t-Luttinger-Slotnick Triplet Screening 

Other formulations have been used for obtaining 
numerical estimates of the screening effect on triplet. 
producw.on, all of them adapted from the nuclear-field 
cross-section expressions, and a180 requiring know1edge 
of the incoherent. scattering function S(q,Z). In the 
cross sedion analysis by Gimm and Hubbell [3], the 
Jost,-Luttinger-Slotnick 178J nueleur-field formulation 
for KnB(ser) in equat.ion (J 8) wal> lIseJ, replacing the 
quantity 11- (F(q,Z)/Z)y hy [S'(q,Z)/Zj t,o give the 
screened electron-field cross s(\(:1 iOIl .,.JLB(ser). 

Thus in reference [:~I Ill<' t,riplf'1 !«:reening correction 
was comput.ed tl~ 

} 
dg 
go 

(47) 

in whid, t.h .. cnd." hrH"k,.j,,, i j represent the expres
sion eJJI:los('d 11) "'1 Ill! t lOll (J S), and S(q,Z) was taken 
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Table b. Electron-field pair production (triplet) screening corrections computed using 
eq (46) with S(q,Z)'s from [54} given here as a multiplicative factor L~~ - 6K:H(scr)J/K~. 

k(m
e
c2 ) [(MeV) 1H 6C 13M 

4.0 2.044 1.0000 1.0000 1.0000 
5.0 2.555 1.0000 1.0000 1.0000 

10. 5.110 1.0000 1.0000 1.0000 
20. 10.22 1.0000 1. 0000 0.9995 

30. 15.33 1. 0000 0.9999 0.9983 
50. 25.55 1.0000 0.9991 0.9945 

100. 51.10 1.0000 0.9940 0.9833 

200. 102.2 0.9997 0.9808 0.9606 
300. 153.3 0.9983 0.9682 0.9408 
600. 255.6 0.9921 0.9459 0.9097 

1,000. 511.0 0.9706 0.9035 0.8593 
2,000. 1,022. 0.9312 0.8502 0.8031 
3.000 1,533. 0.9018 0.8162 0.7692 
5,000 2,555. 0.8608 O. li27 0.7269 

10,000 5,111. 0.8031 0.7155 0.6721 
20,000 10,220. 0.7468 0.6623 0.6217 
30,000 15,330. 0.7154 0.6334 0.5944 
50,000 25,550. 0.6785 0.5997 0.5627 

100,000 51,100. 0.6328 0.5586 0.5240 
200,000 102,201. 0.5918 0.5220 0.4897 

also from the compilation in reference [64J. In the 
high-energy region where screening becomes signif
icant, as indicated in table 5, screening corrections 
computed using equations (46) a.nd (47), respectively, 
tend toward numerically identical values. 

3.3.3. Borsellino-Maximon-Gimm Triplet Screening 

In addition to the above treatments, Maximon and 
Gimm [109J have recently obtained triplet screening 
corrections LlKeBMG(sc;r) by casting the Borsellino [97J 
recoil distribution dUBor./dq in a form from which this 
correction can be computed as 

-LlK~MG (scr)=j,qmn d q [8 (q, Z) -lJ dUBors (48) 
9mi, Z dq 

analogous to equations (46) and (47) above. Maximon 
and Gimm provide numerical LlKeBMG(scr) results for 
several elements, computed using S(q,Z) values 
compiled in reference [64J. Also, in addition to pro
viding a tractable although lengthy e::-.-pression :for 

the Maximon and Gimm work provides an up-to
date survey of triplet cross section theoretical 

developments. 

29Cu 531 68Er 8lb 92U 100Fm 

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

0.9999 0.9991 0.9983 0.9976 0.9971 0.9967 

0.9992 0.9965 0.9946 0.9929 0.9917 0.9907 
0.9961 0.9898 0.9859 0.9824 0.9798 0.9778 

0.9922 0.9825 0.9770 0.9719 0.9683 0.9656 

0.9838 0.9685 0.9£05 0.9529 0.9479 0.9441 
0.9633 0.9390 0.9267 0.9155 0.9090 0.9040 

0.9296 0.8971 0.8803 0.8661 0.8588 0.8527 

0.9035 0.8676 0.8485 0.8329 0.8257 0.8189 
0.8651 0.8266 0.8063 0.7885 0.7817 0.77111 

0.8065 0.7672 0.7442 0.7265 0.7207 0.7124 
0.7453 0.7070 0.6840 0.6662 0.6613 0.6528 
0.7100 0.6728 0.6502 0.6326 0.6283 0.6198 
0.6674 0.6317 0.6101 0.5928 0.5892 0.5808 
0.6141 0.5807 0.5605 0.5440 0.5411 0.5330 
0.5662 0.5352 0.5164 0.5009 0.4984 0.4908 
0.5407 0.511 0 0.4930 0.4780 0.4757 0.4684 
0.5113 0.4831 0.4661 0.4518 0.4497 0.4427 
0.4757 0.4494 0.4335 0.4202 0.4183 0.4117 
0.4443 0.4197 0.4049 0.3923 0.3906 0.3844 

3.4. Radiative Correction to the Triplet Cross Section 

Quantitative theoretical estimates of the radiative 
correction (vi) for the triplet cross section are available 
only for high energies, for which it has been a.rgued by 
Mork [98J that the correction factor is the same as for 
pair production [92J. In the present work, as in refer
ences [3J, [26J, and [109], the triplet radiative correc
tion factor is taken to be 1.01 for the entire energy 
range E::::2.044 MeV. 

3.5. Composited Triplet Production 

For purposes of numerical computations of the 
triplet cross section K. ("PAIR PRODUCTION, 
ELECTRON FIELD" in table 6), all effects (i) to (vi) 
listed in section 3.1 were taken into account at least 
approximately by using the expression 

consistent with the formulation suggested by Mork 
(ill reference [26]). 

In equation· (49) the reta.rda.tion (iii) effect is 
included in the Borsellino-Ghizzetti [<;)7, 100] un
screened triplet cross section KeBO computed using 
equa,tion (44). The ,),-e interaction (iv) and exchange 
(v) effects are included as the ratio KeH/KeBG of the 
Baug lJ02] numerical results K/'f to Ke

BG as listed in 
t.able 4. 

J. Phys. Chem. Ref. Data, Vol. 9, No.4, 1980 
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The atomic binding (i) and screening (ii) effects 
were CJmputed using the Bethe-Heitler (Wheeler
Lamb) approximation aKeBH(scr) given in equation 
(46) using non-relativistic incoherent scattering func
tions S(q, Z) from reference [64]. This correction was 
applied in equation (49) in the form of the ra.tio 
{[Ke:H-tHeB:H(~{;r)]/K.ll}, ~OIlle sample Ilumerical values 
of which are listed in table 5. 

4. Incoherent (Compton) Scattering 

Extens ve reviews of theoretical lind experimental 
informati m on Compton scattering are given, e.g., 
in referen.)es [64,111-113). In this process a photon of 
energy k ,in meC2 units) collides with an electron and 
leaves the collision-site, with a reduced energy k', at 
an angle t from its original direction of travel. The 
relationshi), between k, k', and 0, assuming the target 
electron to be initially free and at rest, is (Compton 
[113], Deb)e (114)) 

k'jk 
[1+k(l-cos 0») 

(50) 

as determinl d from conservation of momentum and of 
energy betw.len the photon and the recoiling electron. 

The angu:ar distribution function for unpolarized 
photons, un :1eI the above assumptions and also 
neglecting rs :lilltive corrections (see, e.g., 1115-117]) 
and double-C)mpton effects (see, e.g., [116, 118, ]19]), 
is given by thl' Klein-Nishina [120) formula 

dad~(e) = ~ 11 +k(1-cos 8)J-2 

[ 
2 k2(l-cos 8)2 ] 

X l+cos O+l-tk(l-COS fj) (51) 

in which the dilerential solid angle dn (in steradians) 
is 

dn= 2'lr sin B dB. (52) 

Integration 01 equation (51) over all angles from 
8=0 to IJ=7I" giyes the Klein-Nishina total Compton 
cross section UKN Cler target electron as 3 

=2 r. fl+k [2(1+k) 
'II" .1. k2 1+2k 

tn (1+2k)] 
k 

+ tn (H-2k) _ 1+3k }' . 
21.' (1+2k)2 

(53) 

3 Below] (){) keV equation (53) becomes unsuitable for compu
tation because of ne!.r-cancellation between the logarithmic 
and purely algebraic terms. In this energy region the ex
pansion [261 

8~ 1 ( 6126 
UKN=3 7rr. (1+2k.2 1+2"+5 ""-2 "'+7 "'- 35 kO 

(53a) 

may be used. 
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Over most of the region in which Compton scattering 
is a major part of the total cross section, the Klein
Nishina theory is directly applicable. Departures from 
the Klein-Nishina formula occur at low energies 
because of electron binding effects, and at high energies 
because of the possibility of emission of an additional 
photon (double Compton effect) and radiative correc
tions associated with emission and reabsorption of 
virtual photons. 

The electron binding effects can be taken into 
account in the impulse approximation 4 by including 
the incoherent scattering function S(q,Z) as a factor 
in the Klein-Nishina integrand in equation (53) to 
give a total bound-electron Compton scattering cross 
section per atom 

(54) 

in which the momentum transfer q for incoherent 
scattering is 5 

q (incoh) 2k sin (fJj2) .. J! +W+2k) sin2 (fJ/2) {55) 
11+2ksin2 (8/2)] 

and dUxN(D) is given in equation (51). 
The integration indicated in equation (54) for the 

bonno-eledrnn (;ompt.on !,;Pollt,t.ering Poro!';!'; !';ect.ion "nJ> 

has been performed numerically in reference [54) using 
non-relativistic Hartree-Fock values of the incoherent 
scattering function S(q,Z) which is compi1ed therein 
for all elements Z=1 to 100 for photon energies 0.1 
keV to 100 MeV. The Mork (116) combined radiative 
and double-Compton correction acrcM as interpolated 
nnd extrapolated in referenc.e \26) (table ?-8) WII"" 

included in the total incoherent scattering cross sec
tions alncoll hst,ed in reference \64) (table ll.) as 

(56) 

In the present work, for photon energies t,o 100 
MeV, values of Ulncoh ("SCATTERING, INCOHER." 
III table 6) as glven in equation (56) are taken directly 
from reference [64]. Above 100 MeV where electron 
binding effects are (in the impulse approximation/ 
incoherent scattering function approximation) vanish
ingly small, table 6 values for aillcoll were computed as 

in which aXN is the total Klein-Nishina Compton cross 
section given in analytical form in equation (53) and 
6acM is again the Mork [116] combined radiative and 
double-Compton correction as listed in reference [26]. 

, See, e.g., Eisenberger and Platzman [121] and Cooper [122) 
for discussions of the validity of the impulse approximation. 

8 Equation (55) for q(incoh), here corrected, contained in 
reference [26] [equation (2.-20)1 a typographical error, as 
pointed out by Tseng, Gavrila, and Pratt i123) in that 8 should 
appear throughout the expression in the form sin (8/2). 
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5. Coherent (Rayleigh) Scattering 

Coherent (or RayJeigh [124, 125]) scattering is a 
process by which photons are scattered by bound 
atomic electrons and in which the atom is neither 
ionized nor excited. The scattering from different 
parts of the atomic charge distribution is then "co
herent", i.e., there are interference effects. 

As indicated in figures 1-3 this process takes place 
predominantly below t.he energy range 1 MeV -100 
GeV of the present. tabulat.ions, and for heavy ele
ments. The maximum contribution of Uech to O"tot in 
table 6 is for 1 MeV phuLom; ill Fm(Z=lOO) whcj'c 

Ucoh accounts for 5 percent of the total cross section, 
but rapidly decreases to two orders or more of magni
tude Jess than Utot elsewhere in table 6. 

Thus Ucoh, in the present tabulation-range, plays 
the role of a small or negHgible correction to the 
predominant processes (atomic and nudear photo
effect, Compt.on scattering and pair and triplet, 
production) in the theoretical analysis of the total 
mass attenuation coefficient p.lp. However, this effect 
plays a major role in the analysis of measurements 

of much less probable elastic or quasi-elastic scattering 
processes such as Delbruck [126J scattering, nuclear 
Thomson scattering and nuclear resonance scattering 
(for reviews of these latter three processes see, e.g., 
references [127-130]). 

The angular distribution dUcoh/dll for coherent 
(Rayleigh) :scatt,ering i:s given /l.pproximately, neglect
ing multi-atom array interference effects (e.g., Bragg-
1aw diffraction), by multiplying the distribution 
function dUT/dn for classical Thomson [131) sca,ttering 
by an electron, 

(58) 

by the square of the atomic form factor F(q,Z), giving 

r2 
dUCOh/dU="2 (l + cos' /1) W(q, Z)]z. (59) 

In equation (-59), since k'=.k in the coherent scattering 
procc;:;s, iht! mumCll[,Ulli tn:Lw,;l'er pl:Ll"l:LmeLcl' q (::;ee 

equation (55» reduces to 

q(coh) =2k sin (8/2). (60) 

From equation (59) the integrated coherent scattering 
cross section can be written 

O"eoh=1rr; f--:~l (1 + cos2 0) [F(q, Z)F d (cos 0) (61) 

from which values of Ueoh were computed and tabulated 
in reference [65} for photon energies 0.1 keV to 100 

. MeV for all elements Z=1 to 100. 

In table 6 the listed values of Ueoh "(SCATTERING, 
COHERENT") were taken directly !'rom ts.ble n 
of reference 165] for photon energies 1 to 1 00 MeV. 

For photon energies 100 MeV to 100 GeV the listed 
values were extrap01ated from the reference [65] 
lOO-MeV values, making use of the high-energy E-2 
dependence for this process. 

6. Atomic Photoeffect 

In the atomic photoefi'ect, a photon disappears and 
an electron is ejected from an atom. The electron 
carries away all the energy of the absorbed photon, 
minus the energy binding the electron to the atom. 
As can be seen in figures 1-3 this process is only 
slightly more important than coherent scattering in 
the photon energy range above 1 MeV here considered, 
making a small or negligible contribution to Utot except 
for high-Z elements and photon energies below 10 MeV. 

The most extensive set of theoretical atomic photo
effect cross section values in aD energy range relevant 
to the present tables is that of Scofield [1321. Scofield 
used a Hartree-Slater central potential to calculate 
the total photoeffect cross section T and for all indi
vidual subshells TE, TLIl TL" TL" TMll ••• for all atoms 
Z~1 to 101 :for photon energies 1 keV to 1.5 MeV. 
Reference [132] also provides subshell renormalization 
factors fo], elements Z=2 to 54 to convert his results 
to the presumably more-accurate relativistic Hartree
Fock atomic model values. The un-renormalized 
Scofield values have been graphically compared by 
Hubbell and Veigele [133] with a large body of meas
ured (total ",/p with theoreticf>l 8C/l,Uering' subtmcted) 
photoeffect data. 

Fo]' purposes of the present compilation the Scofield 
VH.lup,s hH.VP, been renormalized as prescribed above 
(for Z=2 to 54, to the relat.ivistic Hartree-Fock model) 
and are used in the energy region 1 to 1.5 MeV. For 
higher energies these renormalized Scofield total photo
effect T values were extrapolat.ed to 100 GeV using the 
energy- and Z-dependence of the K-shell photoeffect 
cross section 'TE empirical expression [26] 

(62) 

in which E is in MeV and the pl1mmeters I1re 

n 

1 1.6268.10-9 

2 1.5274.10-9 

3 1.1 33{)·10-9 

4 -9.12 .10-11 

-2.683.10-12 

-5.110·10-1a 

-2.177.10-12 

0 

4.173.10-2 

1.027.10-2 

2.013.10- 2 

0 

Pn 

1 

2 

3.5 
4 

------------_._--_. '-" ._._----

Equation (62), fitted to H eomhina,tion of theoretical 
and measured da.t.a, goes (,0 the Pratt [134J numerical 
vllJues Ior TK in t.he hi)!h pncrgy limit. 

In tl1ble 6 the listed values of the total atomic 
phoiocJ1'eGt. cross seetJoJl 1", "PHOTOELECTRIC," 
nrc 
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j 
= T(Scofield, E) 

T = r(Scofield, 1.5 MeV) TJ{ (E) 
TJ{(1.5 MeV) 

E:::;:1.5 MeV 

1.5 MeV<E 
:::;:100 GeV (63) 

in w iich Tx(E) was computed using equation (62). 

7. Photonuclear Absorption Cross Section 

This effect consists of nuclear interactions initiated 
by He absorption of a photon. The most likely result 
of SU:lh an interaction is the emission of a single 
lJ~u(.r'l1l, but, one mU5t also consider the emission of 

charg'ld particles, gamma rays, or more than one 
neuiT< n. Available experimental and theoretical in
forma ,ion on such interactions is discussed and 
review ad in a collection of benchmark papers on this 
topic .lssembled and edited by Fuller and Hayward 
[135]. 

The most characteristic feature of the cnn:;~ ~ecLiul1 
for nuclear absorption of photons is the "giant 
resonarce." This is a broad peak in the absorption 
rrm;!'; !'; ~fltion r,p,ntp,rp,o at about 24 MeV for light 
nuclei, decreasing in energy with increasing mass 
number to about 12 MeV for the heaviest stable 
nuclei. ~'he width "r" (energy difl.'erence between the 
pomts a L which the cross section drops to one half its 
maximun value) varies from about 3 MeV to 9 MeV 
dependillg on the detailed properties of individual 
nuclei. The relative magnitude of this resonance 
feat,ure.n the photonuc1ear cross section Uph. D. is 
shown il figures 1-3 in comparison with the atomic 
cross seC1 ions. 

When studied with finer resolution the gross 
"resonan,:e" is found t.o have considerable sub-struc
ture. A J Irominent feature of t.his sub-struct.ure, for 
nuclei hlJVlllg hU'ge perllltiUtmt defonllat,ioll~, i~ a 
splitting (If the giant resonance into tW'O main peaks, 
In genera:, those nuclei having either large permanent 
deformati<>Ds or la.rge "dynamic deformations" (re
sulting from the vibrat.jonal nature of the nuclear 
gound sta .e) have their giant resonance spread over 
the widest energy range. 

The gros, parameters of the giant. resonance: uo , the 
value of UIlI.D. at the peak-energy Eo, and r, the peak 
width at half-max, have been compiled by Fu1Jer et a1., 
!l36] (tahl{ 1) and by Berman 1137) (tablo I), 151J 
(tables IV, V) for a number of nuclides. 

From 1.he3e parameters the giant resonance can be 
Ilpproximattily reconstructed by assuming that it has 
the shape of a, Lorentz line (see, e.g., Funer and 
Hayward [138], equat.ion (2.5), p. 117, and Hayward 
[50J, equatio tl (1.4»; 

or for a doubh peak, the sum of two such Lorentz lines, 
in which caSH two sets 0)' 0'0' Eo, and r values fl.re 
provided. 
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However, the best source of data for individual 
nuclei is at present the technical literature, especially 
for low Z elements where the Lorentz line representa
tion 'Of t,he nuclear absorption cross section can hardly 
be used. In addition it should be noted that besides the 
giant resonance there is considerable nuclear abs'Orp
gion above the pion threshold arising from the excita
tion of the first resonance state of the individual 
nucleons. Very few experiments [139-141] have been 
made in this so-caBed il-res'Onance regi'On indicating a 
very broad peak around 300 MeV, the peak cr'O~s 
section of which is roughly 2-3 percent of the elect-rome 
cross section for light. elements. 

Available data in the literature can be located by 
means of the NBS Photonuclear Data Index [136, 142J 
which is an ann'Otated index and bibliography of 
references containing e:ll."}lerimental data en photo
nuclear reactions. Each index entry gives specific 
quantitative data about the type of i.niormatien 
available in each reference. The source 0:1 data used 
to compile this index is the NBS Photenuc1ear Data 
File. This me consists of data sheets containing ab
stracts of thc significo.nt datu (both numerical and 
graphical) from each reference. These data sheets, 
as well as a reprint collection of all references ab
stracted, are on deposit at the Photenuclear Data 
Center at the National Bureau of Standards. 

8. TOlal Alomic Cross Sections, Mass Attenuation 
Coefficients 

8.1. Description of Tables 

Table 6 centains photon cress sections in units oI 
bflTDs/atom computed as described in sections 2 to 6 
for the individual photon interaction processes, 
omitting the isotope-dependent. photonuc1ear cross 
section Uph n. discussed in section 7. 

In the first column of table 6 are listed 56 incident 
photon energies frem 1 MeV up to 100 .GeV. Included 
in this energy-grid are the p81r and trIplet threshold 
energies 1.022 MeV and 2.044 MeV, respectively, also 
1.25 MeV to approximate the mean energy of the 1.17 
MeV and 1.33 MeV C0 60 gamma rays. From 2 MeV 
to 16 MeV the grid energies are in I-MeV increments, 
and from 16 MeV t'O 30 MeV are in 2-MeV increments, 
to minimize imterpolation errors when applying this 
table to analyses of ph'Otonuclear cross sections a~d 
for other purposes. Above 30 :t>.leV the Grodstem 
124J energy grid (lO"Xl, 1.5,2,:3,4,5,0,8 and repeat 
wiLl! 10"*', 10"*', ... ) i:sused. 

In columns 2 and 3 t..he "SCATTERING, ~O
HERENT and INCOBEHENT" cross sectIOns 
aCOh and alncoh (l.re taken, rcspedively, from reference 
[65] as discussed in section f), eq1lnt.ion (61), ~nd from 
reference 1641 ns disclJssed ill sect.lOn 4, equatIOn (5.6). 
In column 4 the" PH O')'OELEC1'RIC" cross sectIOn 
T is un interpolnt.ioll IIl1d .~x 1rnpolnti'On of the SCc;>field 
11 :~21 resul1s lie: disCllss!!.! ill !'leet.ion 6. In column 5 
t/w"PAl H I'JWI)t:\ 'T.J()!\, NUCLEAR FIELD" 



PAIR, TRIPLET, AND TOTAL ATOMIC CROSS SECTIONS FOR PHOTONS 1043 

cross section J(n was computed using equations (41) 
and (42) (section 2.5) which include screening, Cou
lomb and radiative corrections. In column 6 the 
"PAIR PRODUCTION, ELECTRON FIELD" (trip
let) cross section J(e was computed using (49) in which 
screening, I"udia.1,ive, eJ\.change and retardation effects 
are included, approximately, as discussed in sect.ion 
3.5. Column 7, denoted "TOTAL", lists the total 
"electronic" cross section lTel ee which is the sum 

(65) 

of the cross sections in the preceding columns 2 
through 6. 

For application to practical problems involving 
bulk media (shielding, medical and industrial radio
graphy and dosimetry, etc.) the atomic cross sections 
(barns/atom) in column 7 must be converted t,o linear 
at.tenuation coefficients J.I in units of reciprocal lengt.h 
(e.g., IJ. in m- I or cm- I ) or t.o mass attenuation co
efficients p.1 p in units of reciprocal mass-per-unit-area 
(e.g., p.Jp in m2jkg or cm2Jg). The linear attenuation 
coefficient p. is dependent on t.he densij,y p (see table 7) 
which can vary wideJy fOT a given element (gas vs 
Jiquid or solid, etc.). Hence t.he densit.y-independent 
mass attenuation coefficient III p (in mj2kg) is mOTe 
customarily tabula.ted ,and is listed in column 13. 
"TOTAL", corresponding t.o the "TOTAL" elect,ronic 
CTOSS sect.ion Gel ec listed in column 7. 

The conversion from column 7 Gelee values (barns! 
atom) to column] 3 p.i p values (m2jkg) is accomplished 
according t.o 

pi p(m2ikg) =Gelec(b/atom) . NAIA r (66) 

in which NA is t.he Avogardo constant. (6.022045'] 023 

mo}-l). The :1lomic weights Ar 1143-146] are listed in 
table 7, also in t.he heading for each element-page 
in table 6 fol1owed by the conversion factor 

The latter fact.or is ltlSO used for convert.ing the re
maining columns 2 to 6 to columns 8 to 12 for the 
individual int.eru,ction processes. 

For users of t.hese tables desiring pip in cm2Jg units, 
columns 8 to 13 are converted from m2/kg to cm2/g 
by multiplying j,he entries by 10. 

8.2. Discussion of Errors 

In view of the various approximations and correc
tions used :in this work, also the random and possible 
syst,ematic uncertainties in the measured data used 
for verification and fOT the one empirical adjustment 
(arbitrary sine-function low-energy cut-off of the 
radiative correction to J(n), the absolute accuracy of 
CT,l,e and pJ p in t,able 6 is probably not better than 
1-2 percent. Uncertainties for the individual interac
tion cross sect-ions CT cob, Glneoh, 7', J(n, and J(e may be 
several percent or more, pa.rt.icularly in regions where 
the given cross sect.ion makes a negligible contribu
tion to CTel ee. 

The pTesent (t.able 6) values for lTeler agree within a 
few tenths of a percent 0)' better with aelee values 
deduced as 

(67) 

from the extensive high-precision O"tot measurements 
by t.he Mainz group (Ahrens et aJ. [1, 2]). This a!!ree
ment, in which the Gph.n. data [51, 136, 137, 142J ~used 
in such an analysis (see; e.g., reference [3]) is primarily 
h',n) dn.t.n not. dependent on assumed kuuwJeu£re uf 
Gelec , suggest. that. t,he uncertainty in t.he total "non
nuclear cross sect.lon CTel ce in t.he int.ermediat.e energy 
region ("'10 MeV 1.0 "'200 MeV) may be 0.5 percent 
or bet.ter. 

J. Phv •. Ck ...... It .... 0 ..... , Vol. 0, No.4, 19110 
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TABI,E 6. Cross sect,ions (barns/atom) 1 MeV to 100 GeV. Z= 1 t.c 100 for the photon-atom interaction processes: C)herent (Rayleigh) and 
incoherent (Compt.on) scatt,~riDg, atomic phot,oefTect, pair production 'n the nucbar and electronic (t.,,;!,I ... +~ =~.:!~, ",u..i .. iltl total for these 
processes. Corresponding mass attenu'ttion coefficients (m211r~~ 4'~:: !!:.:..,~ pwcesses, obtained using the (m2/kg)/(barns/atom) conversion 
factor given fol1owin~ H,~ ::.:;;.~.~"w.,ig[ll; A., are listed in the last six columns. 

1. H • HYDROGEN ITrlMIC ~'T. 1. on 7'1 MSO/KG .05C;74~4' BA~NS/ATnM tlULT1PlY HSO/~G I?Y 10 FOR C~SO/f. 

PHPTON 
~NEPP 

EV 

1.000.06 
1.(122·06 
1.250,06 
1.500·06 
2.0~0.06 
7.0£4+06 
3.GOO.06 
4.0nO.06 
5.000.06 
6.000·O~ 
7.000.06 
P.OCQ·Of, 
9.000.06 
1.000.07 
1.100·07 
1.200'07 
1.300.07 
1.1,00'07 
1.500'07 
1.600.07 
1.80Q+07 
7./)00·07 
2.20(+07 
2.4~C'07 
2.60(+07 
2.80(-07 
3 .oe!'o 7 
&.001.07 
5.'0.·07 
6.(lO~·07 

~.COn·07 
1.COt+OB 
1.50~·08 
2.001-08 
3.~01+08 
4.001+08 
';.OOHO~ 

b.Or-Pt8 
p.OO~·08 

.orr,·oo 

.501+09 
? .00.),09 
3.00l·09 
£.00)+09 
5.00)+09 
6.eJ)+U9 
P.GOO+09 
1. nO).10 
1.50) + 1 0 
2.nOl·l0 
~.OOO+10 

~.OOO.10 
: .COO+10 
c • 0 O~ + 1 0 
P.GOO-l0 
1.,r!ln.;.11 

P_IR PRODUCTION 
SeA iT ER 1 NG 

P"OTO- NutLE~R 
C~HEqFNT INCOHER. ELECTRJC FIELO 

B IATOM 

4.625-06 
4.1,28-06 
2.960-06 
2.0'56-06 
1.156-06 
10107-06 
5.139-07 
2.891-07 
1.850-07 
1.285-07 
9.439-08 
7.227-08 
5.710-08 
".625-0~ 
3.823-08 
3.212-08 
2.737-08 
2 .360-08 
2.056-08 
1.8 C7-08 
1.~28-08 
1.156-08 
'l.556-09 
8.030-09 
6.r" 2 -0 C; 
5.899-09 
5.139-09 
2.890-0C; 
1.850-09 
1.284-09 
7.222-10 
I, .620-1 0 
2.054-10 
1.155-10 
5.134-11 
2.888-11 
1.8/.8-11 
1.283-11 
7.219-12 
4.62C-12 
?054-12 
1.155-12 
5 .134-13 
2.8R8-13 
1.848-13 
1.283-13 
7.219-14 
4.620-14 
2.054-14 
1.155-14 
5.134-15 
2.8a8-15 
1.R48-15 
1,283-15 
7.219-16 

1, .• b20-16 

B IATOM 

2.114-01 
2.092-01 
1.890-61 
1.718-01 
1.466-01 
1.448-01 
1.153-01 
9.6.2 r -02 
8030B-02 
70343-02 
6.HO-02 
6.007-02 
5.522-02 
5.116-C2 
4.772-02 
4.475-02 
1 .. 216-02 
3.91'8-02 
3.786-0? 
3.606-02 
3.296-02 
~. 039-02 
2.P.23-02 
2.638-02 
2.07-02 
2.336-02 
2.212-02 
1.758-02 
1.46B-02 
1.264-C2 
9.972-03 
8.276-03 
5.?9&-03 
4.621-03 
3 .275-03 
2.565-03 
2.123-03 
1.818-03 
1.420-03 
1.161$-03 
8.159-04 
6 0314-0& 
4 .390-04 
3 .3R9-0& 
2.771-()4 
2035 a-oi. 
1.810-()4 
1.47B-OI. 
1.021-0& 
7.853-05 
5.&16-('5 
4.158-05 
3.386-05 
2.862-05 
2.195-05 
1.785-05 

B!ATO" 

1.961-09 
1.gSC-09 
1.504-09 
9.'32-10 
6.1~1-10 
6.004-10 
3.524-10 
2.01.4-10 
1.E66-10 
1.108-10 
10164-10 
1.~88-10 
9,5&6-11 
8.503-11 
7.065-11 
6.~77-11 

6.&01-11 
5.~14-11 

5.&95-11 
5.131-11 
4.531-11 
4.057-11 
3.~72-11 
3.354-11 
3.067-11 
2.059-11 
2.662-11 
1.981-11 
1.577-11 
1,310-11 
".787-12 
7.811-12 
5.191-12 
3.887-12 
".58(-12 
1.93"-12 
1.550-17 
1.291-12 
9.682-13 
7.744-13 
5.161-13 
3.87l'-13 
2.580-13 
1.934- 13 
1.548-13 
1.290-13 
9.671-1& 
],737-14 
5.158-14 
3,868-14 
2.579-1&· 
1.934- H 
1.547-14 
1.28'1-14 
'1.670-15 
7~7"'!."_1~ 

~/_TC"1 

0.000 
o .CO~ 
7.~05-06 

4.385-05 
1.75~-04 
1.895-04 
5.048-06 
~.202-04 
1.102-fi3 
1.~55-03 
1.580-03 
1.784-03 
1.<;70-03 
2.138-03 
2.797-03 
24433-L3 
2.565-03 
2.M8-03 
2.80,-03 
2.912-03 
3.112-03 
3.292-03 
3.457-03 
3.608-03 
3.7£7-03 
3.1177-03 
3.998-03 
4,506-03 
£,9&2-03 
5.225-03 
5,731-03 
6.116-03 
6,781-0~ 
7.214-03 
7.753-C3 
g.~79-0~ 

80300-03 
~.1,61-03 
8.680-03 
8.826-03 
9.035-v3 
9.1S3-C3 
9.277-()3 
9.353-03 
9.397-03 
9.428-03 
9.46'i-()3 
9.495-03 
9,529-03 
9.549-03 
9.567-03 
9.5~1-03 
9.58~-03 
9.5'12-03 
9.5~7-03 
O.~r·1-0' 

ELECTRON TOTAL 
f IE lO 

R Il TOM 

o.oco 
0.000 
0.000 
0.000 
U .00 0 
0.000 
4.035-05 
1.647-04 
3.283-04 
,>.042-04 
6.79;;-04 
8.503-04 
1.014-03 
1.170-G3 
1.318-a3 
1. 4 5~ -03 
1.590-03 
1.716-03 
l.e36-03 
1.<;51-03 
2.164-03 
2.359·,03 
2.539-03 
2.706-03 
2.862-03 
3.007-03 
3.143-03 
3.719-03 
4.173-03 
4.546-03 
5.136-Q3 
5.5<;3-03 
6.412-03 
6.976-~3 

7.731-03 
8.223-03 
i! .57S-03 
8.841-03 
9.223-03 
9.41>5-03 
9.81>8-03 
1.012-02 
1.038-02 
1.053-02 
1.063-01 
1.07n-07. 
1.079-02 
1.085-02 
1.093-02 
1.097-02 
1.102-02 
1.10 5 -02 
1.106-02 
1.108-02 
1.109-02 . 
1.11 f)-O? 

P IAIO" 

2.114-01 
£.~92-01 
1.390-01 
10718-01 
1.468-()1 
1.450-01 
10158-01 
S.719-02 
~.1.51-02 
1.529-02 
i.826-0? 
t.270-02 
5.820-02 
~.447-02 
~, .133~02 

1.864-07. 
1.632-02 
1.1.28,02 
10250-02 
•• 092-02 
).824 -02 
3060&-02 
30423-02 
,.269-02 
3.138-02 
3.024-02 
2.926-01 
205'31-62 
1.370-02 
1.241-02 
2.084-02 
1.999-02 
1.909-02 
1.21)1-02 
1.8711-02 
1.887-62 
1.900-02 
1.912-02 
1.932-02 
10948-02 
1.97&-0? 
1.9'i~-Q2 

2.010-U2 
2.022-02 
2.030-02 
2.036-02 
2.044-J2 
2.049-02 
2.056-02 
2.060-02 
2.064-02 
2.067-02 
2.()68-02 
2.070-02 
2.071-02 
:J.fl7,_O, 

P l) R PRODUcT I ON 
SCAT1ER lNG 

PHOTO- NUClfAR 
COHERENT INCQHEH. ElFCTRlt FIElO 

ElECJR"~ 
>lELO 

HSO/KG 

2.763-07 
2.6t.t-()7 
1.769-07 
1.228-07 
6.907-08 
6.614-0f 
3.070-06 
1.727-08 
10105-08 
7.678-09 
5.640-0~ 
4.31b-09 
3.412-09 
2.763-09 
2.284 -0'1 
1.919-0'1 
1.635-09 
1.410-09 
1.228-09 
1.0IiO-O'l 
8.532-10 
6.907-10 
5.710-10 
4.79!\-lfi 
4.01'8-10 
3.525-1~ 
3.07C-10 
1.727-10 
1.105-10 
7.672-11 
4.315-11 
;>.760-11 
1.227-11 
6.901-12 
3.067-12 
1.726-12 
1.104-12 
7.666-13 
4.313-13 
2.760-13 
10227-13 
6.901-14 
3.067-14 
10726-14 
1.104-14 
7.666-15 
4.313-15 
2.760-15 
1.<27-15 
6.901-1(> 
3.067-16 
10726~H' 
1.104-16 
7.666··17 
4 .~13-17 
7.7/.1\_ 1 ? 

HSO /kG 

1.263-02 
1.250-02 
1.129-02 
1.626-02 
8.759-C3 
8.652-03 
6.889-113 
5.748-03 
4.964-0, 
I, 0387-03 
3.943-03 
3.589-03 
3.299-03 
3.057-03 
2.1'51-0! 
2.674-03 
2.519-03 
2.3r.3-03 
2.262-03 
20155-(13 
1 .<;69-03 
1.816-03 
1.6"7-03 
1.576-03 
1.411 0-03 
1.396-03 
1.322-03 
1.050-03 
6.771-04 
7.552-04 
5.958-04 
4.9&5-04 
3.522-04 
2.761-04 
1.957-,)4 
1.533-0& 
1.26B-U4 
1.086-04 
8.&84-05 
fo979-05 
4.875-<15 
3.773-05 
2.623-05 
2.025-05 
1.656-05 
1.404-05 
1.0&1-115 
8.831-0b 
6.100-06 
4.692-06 
3.236-06 
2.484 -06 
2.0?3-06 
1.710-06 
1.311-C6 
1 _ r'I.t. 7. 

HSO/Kr. 

1.172-H 
1.123-1'} 
7.791-11 
5.815-11 
3.705-11 
3.567-11 
2.106-11 
1.460-11 
1.115-11 
9.010-11 
7.552-1' 
6.501-11 
5.704-11 
5.080-12 
1,. "80-1? 
4.169-12 
3.82£-12 
3.534-12 
3.283-12 
;'.~66-12 
2·70/-1? 
2.424-12 
2.194-12 
2.N)4-12 
1.644-12 
" 708-12 
10591-12 
1.181.-12 
9·1.22-13 
7.827-13 
5.!i4i-13 
4.667-13 
3.102-13 
2.322-13 
1.546-13 
1.15'f~13 
9.261-1& 
7.7110-14 
5.785-14 
4.627-14 
~.1l84-1& 

2.312-11. 
1.542-1& 
10156-14 
'I.24"'-I~ 
7.708-15 
S.i7S-15 
4.623-15 
3.082-1, 
2.311-15 
1.r;41-1~ 

1.156-15 
9.243-16 
7.702-'6 
5.778-'0 

"SO/kG 

D.OOO 
~.OPO 
4.6~·~-07 

2.62G-06 
1.()5~-05 

1.132-05 
3.\i16-d5 
4.901-05 
to.Sllt.-05 
B.C<i6-C5 
9.44C-C5 
loot-t,·e4 
1.177-(4 
1.277-{4 
1.369-(4 
1.4,4-(4 
1.5:'3-(4 
1.606-~4 
1.(75-f4 
1.7£0-,4 
1.859·-it. 
1.967-,4 
2.066-~4 
?156-04 
2.231'-14 
2.316-04 
2.3P9-,)4 
2.b92-U 
2.929-04 
3.122-C4 
3.42&-"" 
3.f~I,-U, 

4.052-)4 
4.31~-a4 
4.632-,;4 
£ .A27-·J4 
".959-)& 
5.055-;1, 
5.1!!6-)4 
5.27?-~4 
5.398-)4 
S.469-~4 

5.5£'-~4 

5.58~-04 
5.615-04 
5.603-04 
5.65~-a4 
5.67,-04 
5.69~-04 
5.705-04 
5. 71t. -0 4 
5. ;21.-04 
5.729-04 
5.731-04 
S.i?t.-OA 

I'SO/H 

G.ooo 
I).oou 
O.ObO 
D.n~u 

0.000 
().Ot~ 

2.411-06 
9.&41-P6 
1.962-05 
:;.013-Q5 
4.062-05 
5.0PO-05 
6.'I58-0S 
6.9<'1-05 
7.875-05 
8.711-05 
'1.50G-"5 
1.025-0/. 
1.097-04 
1.166-04 
1.293-0/. 
1.40C,-C4 
10517-04 
10617-"4 
1.710-04 
1.79/-~4 

1.878-04 
2.222-04 
2.493-04 
2.716-04 
3.069-04 
3.342-04 
3.831-04 
&.16~-04 

4.f19-C4 
4. Q 13-r'lt. 
5.123-04 
5.282-04 
5.511-04 
S.be7-04 
5.908-D4 
6.047-C& 
6.202- r,4 
6.7.92-04 
6.351-~& 
6.3~3-Q& 
t:o.447-~4 

6.463-0& 
6.531-M. 
6.55&-r.4 
6.Sb4-~4 

6.602-04 
6.668-0& 
6.620-'4 
6.626-04 

TOTAL 

MS"/KG 

1.26~-0? 
1.250-02 
1.129-C2 
'.0?7-0? 
~.77"-03 
8.6("-0, 
6 .C,??-03 
5 .B07-G 3 
5.049-03 
4.49~-03 
4.078-03 
3.746-0: 
~.4n.-03 
3.2S4-03 
~ .067-03 
2 .9r6-0~ 
2.767-03 
7.M6-03 
2.5~q-('3 

2.t. (I r:-03 
2.28"-03 
7.15~-03 
2 ,OI,~-03 
1.953-0~ 
1.875-03 
1.B07-03 
1.7t.R-03 
1.542-03 
1.4g-03 
1.339-03 
1.245-03 
'1.19&-01 
1.1&0-03 
1.17&-03 
1.121-03 
1.1?7-C3 
1.1 't ~-03 
1.1/.7-03 
1.155-03 
1.16&-00 
1.179-03 
1.IP9-0~ 

1.20'-0, 
1.2r~-9: 
1.213-0~ 

1.217-03 
1.2'1-03 
1.224-03 
1.2,Sl-03 
1.231-03 
1.2 ':Ii":\-03 
1.7'5-0' 
1 .2"t6-{l~ 
1.2'77-03 
1 .?~7-0~ 
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Z=l to lOO-Continued 

7. 4F, HEll UM A TOM Ie VT. t..0026Q MSQ/KG .01504533 BH'lS/nOH ~UI.lI PlY MS 0 IKG P.Y 10 FOP CMSO/G 

PAIR PRODUCT ION PA lR PRODUCT II'N 

SCATTERING SCATTERING 
PH(,TON pHOTO - "IJClEAR ELECTRON TOTAL PHOTO- NUCUAR ELECTRON TrIAL 

ENERGY Cr.HERENT INCOHH. EI ErTR Jr. F IELn FIELD COHERENT INf.OHER. ELECTRIC FIELD F IElO 

EV BIA TO~ B/nOM alA TOM BlnOM B IATOM AIHOM "SO/KG MSO/KG "SO/KG "SO/KG ~sonr. HSO/kG 

1.000-06 5.112-05 4.228-01 8.663-~e 0.000 0.000 4.229-01 7.691-07 ~ .361-63 1.303-09 o .O~ G 0.000 6.362-03 ." ,.. 
1.0tz""OO lj .694-0' 4. 1 ~3-0 1 thZ94-0e 0.000 0.00t) 4.18l-0 1 7_::S63-07 o .2"~-O" 1 .248-09 D.(){'('" 0.006 0.2'96-03 

?G 10250.06 3.212-05 3.780-01 5.662-08 3.127-05 0.000 3. 7~ 1-01 4.9<3-07 5.687-03 8.519-10 4.7no-07 0.000 5 .6.~-c3 
1.500+06 2.272-05 .3.436-01 4.140- 08 1.755-01, u.OOO 3.438-01 3.418-07 5.170-03 l. .229-1 J 2.640-06 O. nO ~ 5 .17~-03 -t 
2·000+06 1.278-05 2.932-01 2.632-0P 7.034-04 O.OOJ 2.939-01 1.923-07 4.411-03 3.960-10 1.0 ,~-(), V.ot;) 4.4?:?-O;' ;IIJ 

2.C4/,-06 1.224-05 2.896-01 2. S49-0~ 7.584-04 0.000 2.904-01 ,.842-07 40357-03 3.B35-1O 1.141-~ 5 O·OU;' 40369-03 ::; 
3 '000+06 5.6BO-06 20307-~1 1.492-08 2.020-03 B .070-0 5 2.328- 0 1 8.546-08 3.471-03 2.245-10 3.039-05 1.214-06 3.503-03 ~ 

m 
4 '000+0 6 3.195-06 1.92.-0 I 1 .03~-('e 3.281-03 3.2~5-04 1.960-01 4.b07-0B 2.895-03 1.554-10 4.936-05 4.957-06 2.94"-0:3 ~-t 
5. nOO-06 2.0.,-06 1.662-01 7.H9-09 4.40, -03 6.565-04 1.713-01 3.077-08 2.S01-li3 1 oIP5-1 0 6.627-01) 9.Pl7-06 2.577-03 

6.000'06 1.420-06 1.469-01 6.361-09 5.419-03 1.008-03 1.533-01 2.136-08 2.210-03 9.570-11 8.153-05 1.517-05 2.3"7-03 ,.. 
7.000-06 1.043-06 1032&-01 5.330-09 b.321-C3 1.360-03 1.397-01 1.569-08 1.9S6-C3 8.019-11 9.510-05 2.046-05 2.1P?-03 Z 
8.000+06 7.988-07 1.201-01 4. 58 5-0~ 7.137-03 1. lel-03 1.289-()1 1.202-0R 1.807-03 6.898-11 1.076-04 2.559-05 1.940-03 C 
9.000-06 6.312-07 1.104-01 •• 022-0'1 7.878-03 2.0'28-03 1.203-01 9.497-09 1.661-03 6.051-11 1.185-04 3.051-05 1.8H-03 

-I 
1.000-07 S .112-07 1.023-01 3.581-09 8.552-03 2.339-03 1.132-01 7.691-09 1.539-03 5.388-11 1.287-04 3.519-05 1.703-03 0 
1.100-07 4.225-07 9.5&3-02 3.228-09 9.167-03 2.635-C3 1.072-01 6.357-09 1.436-()3 4.liS7-ll 1.37.-04 3 .9~4-05 1.613-03 -I 

1 .2~0-0 7 3.550-07 l.'.950-U2 ?937-0~ 9.732-03 2.915-03 1.021-01 5.341-09 1.347-u3 4.419-11 1.464-04 4.386-05 1.537-03 ~ 
10300,07 3.025-07 8.431-02 2.695-09 1.026-02 3.180-03 9.775-02 6.551-09 1.2/\8-03 4.055-11 1. '>44-04 4.784-05 1.471-03 

1.4&0-07 2.608-07 7.976-02 2 .4~9-~9 1.075-02 3.432-03 9.394-02 3.924-09 1.200-03 3.745-11 1.617-04 5.164-&5 1.41 ?-03 :a:-
1.500-07 2.272-07 7.572-02 2 .~12-09 1.121-02 3.672-03 9.060-02 3.418-09 1.139-03 3.478-11 1.b87-04 5.525-05 1 • 36~-O? -I 

1. 60~+ 0 7 1.90 7-07 7.211-02 2.159-09 1.164-07 ~ .901-03 8.765-02 3.005 -09 1.085-(j3 3.248-11 1.751-04 5.869-05 1.319-03 0 
1.800.07 1.578-07 b .591-02 1.906-00 1.244-02 4.328-03 8.2b8-02 2.374-09 9.916-04 Z .86f-l1 1.872-01. 6.512-05 1.2Iall-O't· ~ 
2. ~or.o 7 1.218-07 6.078-02 1.707-09 10316-02 1 •• 718-03 7.86b-Ii2 1 .923 -09 9.145-04 2.568-11 1 .98 ~-u4 7.093-05 1 .1 p~-u:! n 
2. 2 ~ 0.07 1.056-07 5.645-02 1.545-09 1 03~2-J2 5.079-03 7.535-02 1.589-09 1'.493-04 2.325-11 2.079-04 7.642-" 5 1.1'1,-03 

2.£0'-07 Ii .876-08 5.275-02 1.411-09 1.H2-02 ) ./.1 3-~3 7.258-G2 10335-0" 7 .936-04 2 .123-11 2.170-04 8.144-05 1.y02-03 n 
7. .600+0 7 7.562-08 4.'154-0? 1.2ge-09 1.49/!.-J? 5. 72 3-0~ 7.024-02 10138-09 7.1.53-04 1.953-11 '2.25/,-(;& 8.610-05 1.C57-03 ;IIJ 

2.POO+07 6.521-08 4.673-02 1.202-09 1.549-02 6.013-03 6.823-02 9.811-10 7.031-04 1.POP'-11 2.331-04 9.041-C5 1.027--03 0 
3.000_07 5.680-08 4.475-02 1.119-09 1.597-02 6.285-03 6.651-02 8.546-10 6.658 -04 1.684 -II 2 .40~-04 9.456-05 1.00 ' -03 VI 

VI 
".000+07 30195-08 3.516-02 B0327-H 1.798-02 7.437-03 6.058-02 4.807-10 5.290-04 1.253-11 2.70S-t4 1.119-n4 9.114-04 
:;.oc-n ... o" z .06'3-06 Z l'f:ij-OZ u,OZ9-10 , a9-.JZ-OZ e .::4:4-\):5 ,.7l1-0Z "07T-tO 4 .416-04 9. ,74-' ~ ZI9!7-06 1.2 ""'''4 ... 160"'''' Oli ~ 
6.000_07 1.420-08 2.579-02 ~.S06-1O 2.076-02 9.087-U3 5.514-02 2.136-10 3.805-04 8.284-1 ? 3.123-04 1.36 l-r" P .29~-C4 n 
~. 0 rC.07 7.986-09 1.994-02 &0 113-1 0 2.265-02 1.025-02 5 .2~4-02 1.202-10 3.COO-04 6 .11lE -12 3.408-04 ltS42-C4 7.9~0-O4 -4 

1.000+0e 5.110-09 1.65S-G2 3.282- 1 r 2.404-02 1.115-02 5.174-02 7.688-11 2.490-04 4.938-12 !.o17-04 1.61e-04 7.7RI.-04 6 
1.500.08 2.271-09 1.179-02 2.181-10 2.6';-02 1.271-0' 5.083-02 ~.417-11 1.774-0& 3.2Rl-" 3.91: 1-04 1.912-C4 7 .64~-G4 2: 
2.000-08 1.27P.-09 9.242-03 1.633-1 C 2.775-02 1.375-02 5.074-02 1.923-11 1039C-D4 2. & 57 -1 ~ 4017~-O 4 2.D64-~~ 7.6'4-04 U\ 

~ 3.000-08 5.678-10 6.5Sl-03 1.087-10 2.943-02 1.50Q-02 5.!C7-02 II.SA3-12 9.856-05 1.635-17 4.428-04 2.270-C4 7.6P 4-04 ." 

~ 4.0nO+08 ~.194-1 0 5.130-C3 8.144-11 3 .041-~2 1.592-02 5.146-02 4.805-1. 7.718-05 1.225-12 4.515-04 2.3'tS-04 7.7&2-04 0 
5.000-08 2.044-10 1 .. 24 7-0~ 6.512-11 3.106-02 1.650-02 5.lIl1-02 3.075-12 6.390-05 \I.79P-13 4 .67~-04 2.482-r4 7.7n S-04 ;IIJ 

!i! ¢.000",011 1.42'0-10 :,).O~6-03 ,.6Z,-t f ~. "2-0< t .09;'-02' 5.l09-0~ it 1,",0-1, :; .C.70-0", l!I, ,(')(:"-1:! 4.762'-0 " Z .'47-04 T.~'r"'04 
." 

<I> e.~~O+08 7.'185-11 2.1140-03 4.06 ;-11 3.215 -02 1.753-02 5.252-02 10201-12 ~ .273-05 6.119-13 4.837-04 7. .637-n4 7.9"?-O4 
~ 1.0nO+09 5.110-11 2.336-03 3.253-11 3.255 -02 1.793-02 5.282-02 7.61!8-13 3.515-05 4.8'14-13 4.897-04 2.1Sge-04 7.946-04 :z: 

0 ... 1.500'09 " .271-11 1.632-n3 2.168-11 3.314-02 1.654-02 50331-02 3.417-13 2.t.5S-05 3.262-13 4.986-04 2.78'1-04 8.0?1-04 -I 
~ 7. .000.09 1.278-11 1.263-0' 1.626-11 3.346-0? 1.888-02 5.360-02 1.9~:l-n 1.9no-0 5 2.446-B ~. 034 -0 4 2.P41-C4 a.Ot>5-04 0 
CI 

3.000+09 5.678-12 8. lP 1-06 1.083-11 30380-02 1.926-~2 50394-02 8.543-14 1. j21-0S 1.62~-13 5.UP ~-O4 2.898-04 801 1 5-04 Z 
D I. .000.09 3.19/.-12 6.778-0& F.12l>-12 3.1.01-112 1.948-02 5.417-02 1.0805-14 10020-05 1.?2~-13 5.117-04 2.n1-0& 8 .15~ -~4 VI 

,Q 5.00(1)09 '.044-12 5.542-04 6.500-12 3.1.13-02 1.961-02 5.429-02 3.075 -14 8.338-06 9.779-14 5.t35-04 2.950-04 g.1~9-04 

~ 
6.0no>09 1.420-12 1 •• 699-04 5.417-12 3.421-02 1.971-07. 5.4 ~9-02 2.136-14 7.070-06 8.150-14 5.147-04 2 .965-~4 8.1 P '-06 
e .ooc ... o<? 7.9~'-13 :3: .a-z 1-04 4s06z-1 Z ~.4 3l-0Z- t .'184-02 5.4':52-0Z 1.l01-14 :i .44~-O6 6.111-14 ':i.1(.4-0 4, 2.90:5-0& o .~o "'!-o4 

1.000'10 5 .11 C-13 2.956-04 3.250-12 3.439-02 1.992-02 5.461-02 7.688-15 4.447-U6 4.890-14 5.174-04 2.997-04 8.2 16-04 

~ 1.500-10 2.271-13 2.043-04 20166-12 3.447-02 2.003-02 5.470-02 3.417-15 3.074-06 3.259-14 5.186-114 3.014-04 8.230-04 

Z 
2.000+ 1 0 1.278-13 1.571-04 1.625-12 3.453-02 2.009-02 5.478-02 1.923-15 2.364-06 2.44,-14 5.195-04 3.023-04 8.241-04 

!' 3.000+10 5.678-14 1.083-04 1.00-12 3.458-02 2.015-02 5.484-02 8.543-16 1.629-06 1.62'1-14 5.203-04 3.032'--~4 8.2~1-0~ 

4.nOO-10 3.1'14-14 80316-05 8.124-13 3.461-02 2.01 '1-02 5.488-02 4 .8~5-16 1.251-06 1.222-14 5.207-04 3.03E·-04 8.2S7-0t 

!- 5.000>1 0 2.044-14 6.772-05 6.499-13 3.463-02 2.022-02 5.4'12-02 3.075 -16 1.019-06 9.77&-15 5.210-04 3.042-r& 8.2~~-04 

... 6.000'10 1.420-1A 5.724-05 5.416-13 3.464'"'02 2.023-02 5.493-02 2.136-f6 8.612-07 8.14~-1' 5.212-04 3.041.-01. 8.264-0£ 0 
CD 

8.0nO+l0 7.'I~5-15 4.389-05 4.062-13 3. 1.6,-02 2 .()2 5-02 5.494-02 1.201-16 6.603-07 6.111-15 5.213-C4 3. 04 7-~& P.266-0t .r:o 
0 1.000+11 5.110-15 3.571-05 3.249-13 3.466-02 2.026-02 5.496-02 7.668-17 5.373-07 6.81l/:!-15 5.215-04 3.Q48-04 P .2I1P-04 VI 
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? rAIP PPODUCTION P'_ IR PROOUC T 1 C't>! 

'" 
SUTTERI~G SC HTE R I tlG 

~ 
Pf1010N P40 TO- NUCLEAR HEenON TOTAL P'lOTO- NUCLEH Elf C I R('tJ TOTA l 
ENHGY COI'ERENT INCOI1ER. ELECTRTC fIE LO FIE LO COilE RENT INCOHER. HE(lllIC r lELO FIELD 

tI 
fI F.\ B I ATOM B fA TOM O/ATOt-' R I A TO M 8 IA TOM 8/ATOH HSO/KG MSrJ/KG Mso/Kr, HS1/KG 
'! IISO/kG !lSD/kG 

< 10 Q 0,+06 1.369-04 ~.31.1-01 7.35£-{\7 o.oo~ 0.000 •• 342-01 10188-0(, 5.SG1-03 ",.380-09 I).GOf. 0.000 5.)r.?-C~ 

~ 1.02;:"'"0 t. 1.:~11-04 6.274-01 7.038-07 0.000 a.ODO 6.275-01 10137-06 5.&43-03 t.l06-0~ ".nOG o.noo S.&&~-03 

'" 
1 .2'5( .06 8.764-05 5.670-01 4.78B-07 7.652-05 0.000 ).672-01 7.6()4-07 I, .919-(/3 4.154-09 b.l1~-P o.ooe 1 •• 9~1-~3 
1.50(+06 6.086-05 5.151.-01 3.486-07 3.'<53-04 0.000 ;.159-01 5.280-07 4.472-1i3 3.024-09 3.1,30-06 o.noo 4.476-0' 

Z ?. cor·, 06 3.423-05 1 •• 398-01 ;>.212-07 1.SP.3-(l3 0.0CO ,).41'1-01 2.970-J7 3.816-03 1.91>.)-09 1.373-C5 ~.OGO 3.nO-03 
~ 2.f){,H06 3.278-05 t •• 3/1&-f.1 7.1/,1-07 1./·fl"-()~ 0.000 •• 361-01 2.1144-07 ~.769-0; , .b50-0'j 1.481-05 0.000 3.7 P /,-03 

.l> 3.()O~·()6 1.521-05 3.46C-Ol 1 .2S (J. C7 ".5l,5-03 1.21 ;J-iM ,.507-01 1.:20-07 ".G02-C3 '·Oll'>-09 3.9'3-'~5 1.050-06 3.r,I.:'-03 

4.rOf'06 ".559-06 2.P.f/,-01 8.643-0f 71 3R~-03 Ii .91,2 -0 It ,.965-01 7.426-08 2.501,-03 7./.99-1{; 6.f. 01\-,15 I •• 288-06 ? .57<-03 

<; S.00~·06 5.~78-06 2.1.92-01 t,.5S(,-08 9.914 -03 9.81.8-04 2.601-01 4.753-08 2.16<'-00 5.71&-lO 8.601-')5 ~.54la-06 2.2'i7-0~ .. 6.00f-06 3.804-06 2.203-01 5.313r!l 1.21,.-02 1.513-03 2.340-01 ~.300-08 1 .~11-{;3 4.610-10 1.058-')4 1.31:\-05 ? .03n-03 
0 

7.001+06 2.795-06 1.980-01 &.4S0-0P 1.422-02 2.039-03 /.1&3-01 2.425-t8 1.718-(;3 3.561-10 1.2,6-)4 1.7C9-05 I.R5?-G3 

8.00/+06 2.140-06 1.802-01 3.826-{\~ 1,606-02 2.551-03 1.988-01 l.e57-0? 1.563-03 3.319-10 1.::;°3-0)4 2.213-r5 10125-03 ::I: 

9.000+06 1.691-06 1.656-01 3.355-08 1.772-02 3.042-03 1.864-01 1.467-08 1.4~7-03 2.911-10 1.537-)4 2.639-05 1.617-03 C 
CI:I 

1.000+07 1.369-06 1.535-()1 <'.987-08 1.924-02 3.50"1-03 1.763-01 10188-08 1.332-03 2.592-10 1.61\9-ll, 3·044-r5 1.529-03 CI:I 
1.10'+07 1.132-06 1.431-r1 ~.691-08 2.662-02 3.953-03 1.677-01 .,.821-09 1.242-()3 2.33)-10 1.789-J4 3.430-05 1.455-03 m 
1.200-07 r..510-07 10342-01 <.4AS-OS 2.189-02 4.373-03 _ 1.6C5-01 8.?51-{\9 1.164-03 2.12/'-10 10899-1& 3.79£-05 1 03 0 2-03 ... ... 
1.300-07 8.103-07 1.265-01 :> .246-08 20308-02 1 •• 76o~03 1.5&3-01 7.030-09 1.098-\13 109/,9-10 2.002-l4 4.138-05 1.~~Q-O) ~ 

1.I,O~-07 6.987-07 1.1<)6-01 2.074-08 2.41h-02 5. US-03 1.489-01 6.062-09 1.038-03 1.7<;9-1li 2.0 0 8-'4 4.466-05 1.2'12-03 G) 
1.50t+07 6.0R6-07 1.136-01 1.927-0P 2.SZ1-r,2 5.500-03 1.1.43-01 5.280-09 9.856-04 '1.672-10 2.187-)& 4.77<)-05 1.252-03 i 1.600+07 5.349-07 1.082-CT 1.79'1-08 2.61'i-~2 5.852-03 1.1,02-01 4.61,1-09 9.387-,,4 1.5bl-T~ 2.27?-}4 5.077--(5 1.,17-03 

1.eOO+07 1 .. 227-07 9.587-02 1.5P!>-08 2.798-02 0.491-03 1.333-01 3.667-Q9 8.578-04 1.37~-10 ~. 428- 14 5.&32-05 1.157-03 ~ 
2.0rO.07 3.1.24-07 °o117-IJ2 1.&21-08 2 t95(}-fJ2 7.077-03 1.278-01 2.971--09 7.'110-01, 1.233-1C 2.567-)4 6.140-05 1.1P9-(j3 

2~20ii+07 2.829-07 R.b6S-G2 1.286- oe 0.106-02 7.618-03 1.234-01 2 ./J 54 -09 7.31,7-04 1.116-10 2.695-.)4 6.609-05 1.070-03 » 
?.I,or-07 2.377-07 "f.913-fJ2 l.l75-f'F 3.2f.fI-!l? 8.118-03 1.196-01 2.002-09 ~.865-04 10019-10 2.811 ",)4 7.043-05 1.038-0~ Z 
2.600.07 2.026-07 7.1030-02 1.081- 0 8 3,36('-02 8.584-03 1.165 -01 1.758-~9 6.446-04 9.379-11 2.919-0)4 7.4t.1i-05 1.011-03 C 
?ROI<07 1.71.7-07 7.009-02 1.001-0~ 3.1,78-02 9.019-03 1.139-01 1.516-09 6.081-04 8.685-11 3.0l8- 1}/, 7.825-05 9.Z81-01. 

-0 
3.0~n'07 1.522-07 ~.6F-()? (J .31 ("/- tlt, 3.'>85-01. 9."27-03 1.116-iJ 1 1.320-~'i 5.758-(', 8.085-11 3.11 (1-)/. 8."7'i-1"5 9.t P7 -01t < 
1,.00.'07 B.558-08 5.2({,-02 6.931-r9 {'.(j?4-02 1.115-02 1. 0 I.l-~ 1 7.1.25-10 I, .576-n£ 6.013-11 3.491-,)4 ~.f.74-05 g e 01!1..-Ola m 
5.00:)+07 5.477-08 I, .1.03-02 S.517-V9 4.355- 0 2 1.250-02 1.0tll-01 4.752-10 3.820-04 4.787-11 3.77~-J4 1.08~_ol. r.t8?--04 '" 6.00Q·07 3.804-08 3.7Q3-02 1..582-0'1 4.6?1-CZ 10361-02 ~.775-02 3.300-10 3.291-04 3.975-11 4.000-)4 1.1e'i-04 8.481-04 CI:I 

1: .(}~I}"O 7 2.139-08 2 .<;>92-02 3.427-09 5.029-02 1.533-02 •• 551,-02 1.856-~0 2.596-0 I, 2'''69-11 4.363-" 1.330-"·4 ~ .ZPQ-Ol, -0 
1. 0 01+08 1 .369-0~ 2.483-02 7.730-09 5.321-02 10664-02 ~.1.68-02 1.188-10 2.154-01. 2.36<;-11 &.617-l4 1 .t. 44-01. 3.211.-06 

1.~Ot-C8 6.084-09 1.768-02 1./l 11.-09 5.~~1-02 1.!l92-02 '~.461-02 5.27\1-11 1.534-04 1.574-11 5.0:3-l4 1.642-04 ".ZQP-04 

? .001' 08 3.427-09 1.3f.6-02 1.35E.-O<; 6.1()0-O2 2 .IlA 2-02 ~. 528-02 2.969-11 1.203-01. 1.1(11-11 5.2'J?-14 10772-r4 ".267-04 
3.001+08 1.521-09 9.826-03 9.039-10 6.465 -0 2 2.23e-02 ).686-02 1.320-11 1i.525-05 7.842-12 5.60~-l4 1.942-04 H.&O!-(1& 
4.000+08 8.556-10 7.696,,03 6.776-H 6.61!3-02 2.363-02 ~.o16-02 7.423-12 6.677-u5 5.877-1, 5.79P-H 2.n50-04 ~.~16-06 

5.001+08 5.476-10 6.370-03 5.416-10 6.831-C2 2.453-02 '~.921-02 4.751-12 S .527-05 4.699 -12 5.-127-'l4 2.128-Q4 ~ .6 nM-04 
("~~O·t8 3.803-10 5.454-03 4.512-10 6.938-0, 2.521-02 1.000-01 3.3Ilt-12 1 •• 7::!2-05 3.915-12 6.019-0)4 2.H,7-r4 Po ,tfU't-O" 

~ .001+08 2.139-10 4.260-03 3.383-10 7.085-02 2.619-02 1.013-01 10856-12 3.696-05 2.935-12 6.147-IJ4 2.272-04 8.7PQ-C4 
1.0~r,+Oq 1.369-10 3.5C5-03 2.705-1(: 7.1?2-02 2.687-02 1.022-01 1.188-12 3.041-05 2.347-12 6.231-,j& 2.33i-r4 ~.E~f.-04 

1 .. 50~+Oq (: .081, -11 2.44o-()3 1.803-111 7.374-02 2.793-0? 1.036-01 ,.279-13 2.12h-05 1.504-12 6.3Stt-l}l, 2.423-04 P.99r.-04 
~.Ol)n.o~ 3.I,7?-11 1.B9&-O~ 1.~52-10 7.1.01,-02 2.856-02 1.0&5-01 2."6~-13 1.M3-05 1.173-1;> 6.'2/,-~4 2.4i'b-04 '1.066-04 
:-, (\(»+ 09 1 .5 i' 1- 11 10317-0, 9.C-12-11 7.I,91-0? 2.928-02 1.055-01 1.320-13 10143-05 7.819-13 6.499-'J4 2.540- M , 9.1,4-r,4 
t. ,c"r)+OQ 8.,;6-12 1.017-03 6.758· 11 7.538-02 2.970-02 1.061-01 7.1,23-14 S .821.-C6 5.~63-13 6.5&O-~4 2.577-04 9.2°<-04 
;; .0 r-)+ Co 5.47(,-12 80313-04 ;; .4(,6-11 7.568-02 2.997-02 1.G6S-01 4.751-14 7.212-06 4.690-1~ 6.5~6-14 _ 2.~~0-O4 9.2~8-04 

l.or':'·OI? 3.803-12 7.C4'1-04 4.505-11 7.590-07 3.016-02 1.06~-01 3.~OO-II, 6.116-()6 3.909-13 b.5PS-l4 2.617-04 9 .~f"1-0" 
c •. ) \} "1.10 09 2.139-12 5.431-04 3.379-11 7.bI7-C2 3.042-02 1.071-01 10856 -14 1 •• 712-06 2.'13?-13 6.604-.)4 2.639-04 9.2 o r:-{Ha 

• ~ltJ) + 1 0 1.369-12 4.431.-04 2.703-11 7.63'5-C2 3.050-02 1.074-Cl 1.1~8-14 3.81.7-06 2.34~-13 6.624-0)/, 2.653-01, 90316-01, 
.50) + 10 6.084-13 3.064-04 1.502-11 7.6S9-C2 3.082-02 1.077-01 5.279-15 2.658-06 1.563-13 6.6A5-)& 2.67£-01. 9.~6t-04 

2.00)-10 3.4n-13 2.356-04 1.051-11 7.673-02 3.095-02 1.079-01 2.\169-15 2.044-U6 1.172-13 ".657-0)4 2.6.5-°1, 9.363-04 
:!.~01+10 1.521-13 1.62;-04 9.009-12 7.6117-()? 3.108-02 1.081-01 10320-15 1.410-06 7.816-14 6.66~-'l4 2.697-04 9.3(JO-Ot 
4.00)-10 8.55~-14 1.;>47-04 6.757-12 7.694-U2 3.116-02 1.082-01 7.423-16' 1.082 -06 S.862-14 6.675-'l4 2.703-04 9039a-r4 
5.(0).10 5.476-14 1.016-04 5.405-12 7.699-02 3.121-02 I.OP.3-01 4.751-16 8.815-07 1..6E9-1& ;;.u~c-)t. 2.70~-04 9.3"6-01. 
c.OO:-l0 3.803-14 8.586-00; &.504-12 1.702-02 3.125-02 1.001.-01 30300-16 7.1.1.9-07 3.908-14 6.6f2-l4 2.711-04 9.L.r.'!-OIa 

8.00)·10 ;>.139-14 6.584-05 3.378-12 7.706-()2 3.178-02 1.0114-01 1.856-16 5.712-07 2.031-14 (:). t.l86- 1) &. 2.714-04 9.4 0 5-04 
1.!) n~ + 11 10369-14 5.356-05 2.703-12 7.708-02 3.131-u2 1.08/.-01 1.1~8-H. £.6&.7-07 2.345-14 6.687-)4 2.716-04 o.4(1Q-Oft 
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T.AlIU'l6; Cross sections and mites attenuation e6effieientsfor the individual, and total tihoton atom interaction'~roOOsses; 1 MeV f() ioo Ga~, 
Z=l to lOO--Continued 

4, eEl BERYLLIUM HOHIC IIr. ~ 9.01218 HSi:llK£ .00668212 BARNS/ITOM HULTt~lY "S~/KG 8"10 FOR tH~O/G 

PAIR PRODUCTION P~TR PRODUCTlO'l 
SCAlT£RIIlG scnTER ING 

PHOTON PHOTO- tlUCLEAR ELECTRON TOHl PHOTC- Nut lEAR elECTRON rOHL 
E~ERGY COHERENT '"COHER. ELECTRIC nELD FIELD COHEr-En INCOHU., ELEclRIC FIflD nELO 

EV BIA TOM BI ATOll BIAlOM BlAlOM B IATOM BiA1OM' I1SD/K~ IISOIk; HSil/~G MSO/«(' MSO/Ke HSO!kG 

1.000+06 2.778-04 8.455-01 3.285-06 0.000 0.000 8.458-01 1.856-(6 5.650-0, 2.195-08 o.oon 0.000 5.65?-O3 ~ 1.022'06 2.660-04 8.365-01 3.144-06 0.000 0.000 S.368-01 1.717-(6 5.590-03 2.101-08 o.oop O.OO~ 5. 59'-0~ ii 1.250+06 1.77S-04 7.560-01 2.137-06 10260-04 0.000 7.563-01 10188-{6 5.052--13 1.428-08 8.41<;-07 0.000 5.05.-03 
1.500:'06 1.235-04 6.~72-01 1.555-06 7.043-0' 0.000 6.880-01 8.252-{7 4.59(!-B 1.039-08 '.706-06 o.OOG ~.5Q?-03 

-4 2.000+06 6.S47-65 5.864-01 9.844-07 2.81P-03 0.000 5,893-01 4.642-H 3.C,18-13 6.578-09 1 .61l3-C 5 0.000 3.<;3&-03 

" ?o 4&"06 6.651-05 5.792-01 9.528-07 3.038-03 0.000 5.823-01 4.4&4 -r.7 3.870- 'l3 t .367-09 2.03£-05 0.000 3.R91-0J :; 
3.000<06 3.087-05 4.613-01 S.S50-07 e.082-03 1.614-04 4.696-01 2.063-(7 3.082-')3 3.709-09 5.400-05 1.078-06 3.1~t-03 ,. 
4.000+06 1.737-05 3.~'8-01 3.f31-07 1.313-02 6.590-04 3.906-01 10161-07 20571-03 2.56(\-09 8.774-05 " .404-06 2.664-03 m 
5.000+ 06 1.112-0S 3.323-01 2.916-07 1.763-02 1.313-03 3.513-01 7.01-M 2.220-l3 10949-011 1.17~-04 1!.774-n 6 2.3b7 .... 0~ :' 
6.000+06 7.719-06 2.937-01 ?351-07 2.167~02 2.017-03 3.174-01 5.158-(8 1.963-.)3 1o~71-09 1.448-()4 1034S-05 2.1ZI-03 > 7.000+06 5.671-06 2.'640-01 1.968-07 2.52P.-02 2.719-03 2.920-01 3.789-{B 1.764-H 10315-o" 1.689-04 1o'l17-~5 1.95'-03 Z 
8.000+06 4.342-06 2.403-01 1.691-07 2.854-C2 3.401-03 2.722-01 2.901-[8 1.6fl6-B 1.131'-09 f.91J7-04 2.273-05 1.I?H-03 a 
'1.000+06 3.431-06 2.209-01 1.482-07 3.150-~2 4.055-03 2.565-01 2.293-(8 1.476-13 .9.903-10 2.105-04 2.710-n~ 1.714-03 
1.000+07 2.779-06 2.046-01 1.319-07 3.420-rZ 4.679-03 2.435-01 1.8S7-(S 1.367-.)3 8.814-10 2.285-04 3.127-05 1.62'-113 -4 
1tl0M07 2.296-0'6 1.909-01 1.18<1-07 3.665 -02 5.271-03 2.3211-01 1.534 -(8 1.276-H 7.945- HI Z.449-()4 3.522-05 1.5,6-03 0 
1.2PO+07 1.930-06 1.79C-01 1.081-r7 3.890-02 5.830-03 2.237-01 1.290-18 1.196-03 7.223-10 2.599-04 3.896-05 1.495-03 ;: 
10300+07 1.644-06 1. 6l~b-01 9.' 16-08 4.100-02 6.359-03 2.160-01 1.099-(6 1.127-.)3 6.626-10 2.7I.G-04 4.249-~5 1.1.4l-03 ... 
1.400+07 1.418-06 1.595-01 9.156-0e 4.296 -02 6.865-03 2.093-01 9.475-(" 1.066-'13 6.118-to 2.871-04 ".s8i .. rs' 1.3'??-Ol 

~ 10500+07 1.235-06 1.515-01 8.505-08 4.479-0;: 7.344-03 2.036-01 8.252-(9 1.012-':3 S.61!3-11l 2.993-04 " .907-jl5 1.361-03 
1.600+07 1.085-06 1.&1.2-01 7.939-CB 4.651-02 7.BO<,-n3 1.985-01 7.250-(9 9.636-,)4 5.305-10 ~'.1~l!-O4 5.213-1l5 1.3;>0-03 0 
1.800+07 8.S76~07 1.318-01 7.007-08 4.968-02 8.655-03 1.901-01 5.731-(9 8.801-04 ,.68l-1r· 3.320-04 5.7S~-~5 1.271-03 ~ 2.COO+07 6.947-07 1.216-01 6.271-08 5.253-02 9.1.36-03 1.836-01 40642-(9 B.125-~4' 4.190-11) 3.510-04 6.305-05 1.ur-03 ;:; 7.200+07 5.741-07 1.129-01 5.674-06 5.511-02 10016-02 1.782-01 3.836-(9 7.544-0)4 3.791. -10 3.6P:<-04 6.7PS-G5 1.191-03 
2.400+07 4.824-07 1.055-01 5.181-08 5.748-02 1.082-02 1.738-01 3.223-(9 7.050-04 3.462-10 3.8"1-04 7.230-05 1,.lM-03 n 
1.600+07 4.110-07 9,907-02 4.767-08 5.965-02 1.144-02 1.702-01 2.746 -09 6.620-·'4 3.185-10 3.986-04 7.644-C~ 1.137-03 " 2.800+07 3.544-07 9.346-02 4.414-C8 6.166-02 1.202-02 1.671-01 2.368-(9 6.21.5-U 2.91.9-10 4.120-04 8.032-05 1.111-03 0 
3.000+07 3 .0~7-D7 8.849-02 4.1H-08 6.352-02 1.256-02 10646-01 Z.063-C9 5.913-.)4 2.746-1C 4.7.44-04 8.39~-05 1.10,)-03 CIt 
4.000+07 10737-07 7.032-0<' 3.056-0S 7.,22-02 1 .4~5-02 1.564-01 f.161-b9 4.699-04 2.042-10 4.7,9-04 9.92~-05' 1.045-03 CIt 

5.000 .. 07 1.111-07 S.870-02 2.432-0B 7.6'19-02 1.665-02 1.523-01 7.424-1V 3.922-l4 10625-111 5.145-04 10113-04 1.018-03 CIt 
6.000 .. 07 7. 718-0~ 5.058-02 2.020-08 8.15S-02 I.S10-02 1.503-01 5.157-10 3.380-)4 10350-10 5.45'-G4 1.20~-~4 1 .or.-c ~ m 

n 8.000+07 4.341-06 3.989-02 1.50S-08 8.852-02 2.037-02 1.488-01 2.901-10 2.665-)4 10008-HI 5.915-0 " 1.:361-04 9.94~-O4 -t 
1.000+08 2.778-08 3.311-'02 1.203-08 9.355-02 2.209-02 1.488-01 10856-10 2.212-)4 8.03,,-11 6.251-04 1.476-C4 9.94"-04 0 .... 1.S00+08 1.235-08 2.358-02 7.994-09 1.019-01 2'.507-02 1.S06-01 8.252-'1 1.576-)4 5.342-11 6.809-04, 1.67~-O4 1.00.-03 Z 2.000+08 6.945-09 1.848-02 5.985-09 1.072-01 2.706-02 10527-01 40641-'1 1.235-)1. 3.999-11 7.163-04 1.eOE-04 1.(1~1-1!3 In 

~ 3.00~+08 3.087-09 1.310-02 3.983-09 1.138-01 2.965-02 1.566-01 2.063-"1 8.754-l5 2.661-11 7.6·04-04 10981-~4 1.040-03 
'II 

~ 4.00C+08 1.736""09 1.026-02 2.'~5-09 1.177-01 3.130-02 1.593-01 1.160-11 6.856-)5 1.9"5-11 7.S65-01. 2.092-04 1.0H-03 0 5.COO+08 1.111-09 8.494-03 2.386-09 1.203-01 3.248-02 1.613-01 7.424-12 5.676-')5 1.594-11 B.039-04 2.1-7(-04 1.0n-OC' 

" n 6.COO+08 7.717-10 7.273-~3 1.988-09 1.223-01 3.337-02 10629-01 5.157-"2 4.860-)5 10328-11 8.172-04 2.23(-r.4 1.0P·-03 :r .. p.000+08 4.341-10 5.680-03 1.&90-09 1.249-01 3.463-02 1.652-01 2.901-12 3.795-15 9.956-12 8.346-04 2.314-04 10101-03 ." 
? 10000+09 2.778-10 4.673~03 1.192-09 1.267-01 3.550-02 1.669-01 1.356-12 3.123-)5 7.965-1<' S.46f-04 2 .372-~4 1.115-03 :z:: 
... 1.~~0+09 1.235-18 3.263-03 7.944-10 1.293-01 3.683-02 1.694-01 8.252-13 2.180-15 5.308-12 11.640-04 2.461-04 1.13~-·O::l 9 .. 2.000+09 6.945-11 2.S26-03 5.957-1C 1.307-01 3 •. 761-02 1.708-01 1..641-"3 1.688-)5 3.981-12 8.734-()4 2.513-(14 1.1 6 '-:03 :'" 0 3.000+0'1 3 .. 087-11 1.756-03 3.970-10 1 .323-01 3.1148-02 1.725-01 2.063-'3 1.173-15 2 .65:;-12 11.840-1)4 2.571-04 10 153-03 Z g 4.000+09 1.736-1.1 1.356-03 2.978-10 1.331-01 3.896-02 1.734-01 1.16()-13 9.061-)6 1.99()-12 ~.sq4-04 2 .6'()~-O4 1.,5"-63 In 
ji 5.000+09 1.11-1-11 1.10R-03 2.382-10 1.337-01 3.930-02 1.71.1-01 7.424-"4 7.404--)6 1.592-12 8.934-04 2.62t-tl4 1.16~-03 

6.000+0 9 7.117-12 9.399-C4 10985-10 1.341-01 3.953-02 1.746-01 5.157-14 6.281-'l6 10326-12 e.961-1l4 2.641-{\4 1.160-03 

~ 8.000+09 4.341-12 7.241-04 1.489-10 10346-01 3.983-02 1.752-01 Z.901-~4 4.839-l6 9.950-13 8.994-04 2.661,.-04 1.17'-03 
1.000+10 2.778-12 5.912-0' 1.191-10 1.349-01 4. 00 3-02 1.755-01 10856-14 3.'i50-16' 7.9511-13 9.0,1.4-04 2.6i'~-t)4 1 .17~-O3 

::.0 1.500+10 1.235-12 4.086-04 7.939-11 1.353-01 4.030-02 1.760-01 8.252-15 '2.730- )6 5.31l5-13 9.041-04 ;1 .69~-C& 1.17.-03 

Z 
Z.~Oo.lO 6.945-13 3.141-04 5.954-11 1.356-01 4.045-02 1.764-01 h641-~5 20099~)6 3.919-13 9.061-04 2. 70~-O4 1 .17~-03 

~ 3.000+10 3.087-13 2.166-04 3.969-11 10358-01 4.060-02 1.766",01 2.063-<5 1.447-"6 2.652-13 9'074-04 2.71~-O4 1.'~h03 
4.000+10 1 .736~13 1.663-04 2.971-11 1.360~O1 4.070~02 1.769-01 1.160-15 1.111-)6 10989-13 9,088-04 2.12 (-04 1.1l":-O3 

~ 5.000+10 1.111-H 1.354-04 2.381-11 1.360-01 4.075-02 1.769-01 1.424-16 9.0-48-l7 1.591-13 9.01:'8-04 2.72 ~-Ol. 1.1!!?-03 

; 6.000+10 7.717-14 1.1&5-04 1.985-11 1.361-01 1..07'1-02 1.7111-01 5.157-~6 7..651-)7 1.326-13 9.094-04 ;1 .726..,.04 1 .1!~-1)3 ... : 
GO 8.000.10 4.341-14 8.778:'05 1.~88-11 1.362~01 4.0S3-02 1.771-01 2.9 01-16 5,066:-)7 9.943-14 9.101-04 2.72S-04 1.1111-03 2 0 1.000+11 2.778'-14 7.142-05 1'0191-11 '1.362-:-01 4.086-.02 1.771-01 1.856-~6 40772-)7 7.958-14, ,9.101~O' 2.73[-04 i. tM-.03 .... 



~ TABLE 6. Cross sect,jons and mass a',t,enunt,jon coefficient!" for t,he irHiivirlual :md t,ot,al phot,on atom interaction processes, 1 MeV to 100 GeV, 0 ... Z = 1 t.o 100--Cont,inllerl .Do 
". <:e 
~ 
n 7 - 5, B • PORON IT('JMTf 'loll. = 1 o.~ 1 MSO/KG - .()O~57oe· PAqN~HTO" MI;l TIPl Y HSO/KG BY 1r fOR C"~O/', 

:r .. 
PAIR PRODUCTION PAIR PRODUCTION ? SCATHRtNG SCHTEIl INC 

'" Pf''lnN p"OTO- NUCLEAP ElEe TRON TOTAL PHOTO- NUClfAR ElECTRf'N TOTll 
~ E liE R; Y COHERENT I NCNlER. E UCT!> I C FI ElO f IELO COHERENI INCOHER. ELEClRIC F Ifl D f lEtS 

I:) 
D EV 8/A TOM B/AlOl< e fA TOM 8/ATO" ~OTOH e IATOH HSQ/~G MSO IKG 'ISO/KG "SO/KG IISO/K" H Sr!kG 
F 
< 1.COO+06 4.821-0& 1.057+00 1 •• 23-05 O.OOQ 0.000 10057+00 2.686-06 5.888-03 5.699-0& n. 0 co 0.001. 5.E11-03 

~ 1.C22+06 4.616-0& 1.046-CO 9.''!2-06 o .oor 0.000 1.046+00 2.571-06 5.827-03 ~.1.55-0:; 0.000 0.0011 ~.8?ry-O"t 

1.250<06 3.086-0& 9.4SC-01 6.053-06 1.981-04 0.000 ~.4S5-01 1.719-06 5.21>£-C3 :3.706-08 1.1C6-06 0.000 5.267-0 
:,0 1.500-C6 2.11. 3- 04 to 589-01 4.nS-Ob 1.JU4-03 O.~OQ 8.602-01 1.194-0b 4.785-03 2.693-0. 6.15C-06 0.000 &.7Q~-03 

Z ~.OQP*06 1.206-04 7.330-01 3.056-06 4.4C"-03 ~.OOO i.!7S-01 6.718-C7 & .083-03 ,. 702-0~ 2.456-05 o.ceo &.1I)Q-03 
!" ?04M06 1.154-04 7.239-01 2.957-u6 &.752-03 0.000 7.288-01 6.42 Q - 0 7 4.0~3-03 1.647-03 2.647-05 0.01)(, 1..060-C3 

!' 3.00C-Of. 5.358-05 5.767-01 1. ?1C)-(}6 1.263-02 2.017-04 5.896-01 2.985-07 3.213-03 9.576-09 7.0~6-05 ,.'21.-06 '.2~4-03 

4.000-06 3.014-05 1..810-01 1.184-06 Z.052-Vl 8.237-04 5.024-01 1.679-01 2.680-03 " .590-09 1.1/.3-~& 4.';89-06 2.7Q<;-03 

:;; 5.r.00-C6 1.929-05 4.156-01 9.107-07 2.75&-02 1.641 -03 4.£k6-01 1.o7S-07 2.316-03 5.01o-0~ 1.534-C& 9.142-06 2.1.77-0' 
m 6.000+06 1.340-05 3.672-01 7.l56-U7 3.357-0;> 2.521-03 '"036-01 7.465-08 2.046-03 6.042-0'i 1.81'7-04 1.&OA-r5 ? .2H-03 
0 7.0ro-06 <; .81. 2-06 3.300-01 6.~70-C7 3.<i5r-02 3.399-~3 :.729-01 5.41'3-08 1'038-03 3.381-0" 2.200-C4 1.894-05 ? .077-03 

P.OOO-06 7.535-06 3.003-C1 5.115-07 4.459-C2 &.252-03 :.&92-01 4.198-08 1.673-03 2.905-0'; 2.&el.-04 2.369-05 1 .9/, ~;- 03 
:I: 

9.000+06 5.954-06 2.761-01 &.,70-07 &.<;2 1-02 5.069-03 : -J04 -01 3.317-08 1.538-03 2.546-07 2.741-04 2.824-05 1.841-03 c: 
1.~O(lt07 4.823-06 2.S58-01 4.~67-07 5.341-0? 5.849-03 3.151-01 2.687-08 10425-03 2.266-0'1 Z.975-(4 3.250-05 1';5~-03 CII 
1..100+1)7 3.986-06 2.386-01 3.662-07 5.723-C2 6.588-03 :.024-01 2.221-08 1.32<;-[ 3 2.C4C-0') 3.18<'-(& 3.6n-05 1 .f8 5-0, CII 
1.200+07 3.349-06 2.237-01 3.nl-07 6.0n-~Z 7.21'8-03 2.917-01 1.866-08 1.246-03 1.856 -0; ;t. 3~/l-(iL 4.060-05 1 .6:?~-O 3 m ,... 
1.300-07 2.8~4-06 2.108-01 3.~54-07 6.401-02 7.949-03 2.828-01 1.590-()e 1.174-03 10701-09 3.SH -(4 4.1.28-(\5 1.57S-03 .r 
10600+D7 2.461-06 1.994-01 2.~2C-07 6.7P6-02 8.581-03 2.750-01 1.371-CB 1.111-03 1.571-09 3.7~6-(4 4.71':0-05 1.5~?-Q3 

1.500+07 2.11.3-06 1.~Q3-01 2.01'1-07 6.991-02 9.180-03 2.684-01 1.194-08 1.055-03 1.45'1-0. 3.E'1S-(4 5.1 H-C5 1.49<-03 Cl 
1.1>00'07 1.~81.-06 l.a03-CI 2.145-07 7.259-02 9.752-03 2.626-01 1.1)50-08 1.004-03 10362-01 4.04&-(4 5 .43~-~5 1.46~-O3 3: loBOO+07 1.68R -Oi> 1.648-01 2.157-07 7.7S1-C2 1.082-02 ,.531-01 8.289-0<;' 0; .181-04 1.Z02-0~ 4.31/1-(4 6.(\2~-05 1.& 1 (\-O~ 
7.000-07 1.206-06 1.519-{)1 1.nO-07 8.193-02 1.179-02 ,.&56-01 6.718-0'1 8.46<'-04 1.075-0'~ 4.Si.4-H 6.568-05 1.3l-R-03 ~ 
2.Z00-07 9.964-07 1.&11-01 1.1U-07 e .59& -02 1.26<)-02 ,.397-01 5.551-09 7086G-04 9.n7-1D 4.71'2-(4 7.(,69-r5 1.3~5-0~ 

Z.40C+07 8.372-07 1.319-01 1.,95-07 8.95<;'-02 1.353-02 ;.350-01 4.666-09 7.}48-04 8.8!1S-1~ 4.991-£4 7.537-05 1 • 3r\l'~-03 » 
2.600·07 7.13&-07 1.238-01 1.167-07 9.2'1S-02 1.1.3e-02 2e311-G1 3.9 7&-09 0.897-04 1.\e172-1~ 5.17~-(4 7.966-C5 1.2P7-03 2 
2.800'117 6.151-07 1.168-01 1.l58-r7 9.606-02 1.502-02 ,.279-01 3.427-09 6.5e7-01. 7.565-1il 5.350-(4 8.307-05 1.26')-03 C 
3.00C-07 5.358-07 1.106-01 1.?64-07 9.1'92 -02 1.57D-02 2.252-01 2.985- 09 6.161-04 7.042-D 5.511-(4 8.H6-05 1.?SS-03 'G 
1..000*07 3.014-07 8.790-02 9.100-01.\ 1.107-Gl 1.855-02 2.172-01 10679~09 4.897-04 ~ .237-tn 6.tI'7-(t. 1.033-04 1.210-03 < 
5.000'07 1.<;29-07 70337-02 7.180-08 1.196-01 2.07B-02 ,.138-01 1.075-09 4.087-04 4.167-1~ 6.6b3-H 1.151< _. 04 1.191-03 m 
6.000·07 1.340-07 60322-02 6.211-08 1.267-01 2.259-02 2.125-01 7.1.65-1C 3.522-04 3.1.60-0 7.058-(4 1.258-01. 1.1 R/.-03 :Ill 

8.000+07 7.534-08 4.986-02 4~S38-08 1.373-01 2.541-02 ,.126-01 4.197-10 2.778-04 2.584-Hl 7.649-(4 1.416-04 1.1 PI.-03 1:11 

1.000+08 4.821-08 I •• 138-02 3.700-08 1.451-01 2.754-02 2.140~01 2.686-10 2.305-0& 2.061-H "'.~~3-a 1.534-04 1.192-03 -S 
1.500+08 ;>.143-08 2.91.7-02 2.458-08 1.582-01 3.124-02 2.189-01 10194-10 1.642-04 1.36<;-H 8.81;-1/. 1.740-0& 1.nr-03 
2.000<08 1.205-08 2.311-02 1.g&0-08 1.665-(;1 3.371-02 ,.233-01 6.713-11 1.2~7-04 1.025-10 <;.275-~6 1.878-0& 1.2t.4-03 
3.00(+08 5.357-09 1.638-02 1.224-08 1.766-01 3.690-02 2.299-01 2.SB4-11 9.125-05 6.819-11 ').b38-f4 2.056-04 1.281-03 
4.00[+08 3.013-09 1.283-02 9.175-09 1.827-01 3.893-02 2.345-01 1.678-11 7.147-05 5.111-11 1.01P-n 2.169-04 10306-03 
5.00(+08 1.929-09 1.062-02 7.336-~Q 1.868-01 4.0 3S -0 2 2.378-01 10075-11 5.916-05 1..087-11 1.041-~3 2.248-04 1 032 ~-03 
6000(+08 1 .339-09 9.091-03 6.111-09 1.898-1)1 4.142-02 2.403-01 7.459-12 S.061.-GS 3.40&-11 1.057-U 2.307-~1. 1.33'1-03 
P. eOU08 7.533-10 7.100-03 4.582-09 1.93"-01 6.294-02 1.439-01 4.196-12 3.955-05 2.S53-11 1.080-13 2.392-0/, 10359-03 
1.00(+09 4.821-10 5.S41-03 3.~64-09 1.965-1)1 4.397-02 2.463-01 2.686-12 3.254-05 2.04,1-11 1.095-t3 2.449- 0 4 1.377.-03 
1.50(409 2.1&3-10 1..079-03 2.442-09 2.005-01 4.553-02 2.501-01 1.194-12 2.272-05 1.~60-11 1.117-(3 2.536-04 1.393-03 
2,f'r(+o~ 1.2r5-10 3.157-03 1.B31-Q9 2.027-C,1 4.6£4-02 1.523-01 6.713-13 1.7S"-05 1.020-11 1.12'1-!3 2.587-0& 1.1.05-03 
:. • (\ () \'~ 09 S.357-11 2.195-01 1.221-09 2.05(;-01 4.744-02 1.51.6-01 2.984-13 I .223-05 6.'102-1~ 1.142-13 2.643-0& 1.419-03 
L .O:l( 4-0<1 3.913-11 1.695-03 9.153-10 2.063-01 4.803-02 2.560-01 1.678-13 9.U3-U6 5.099-12 1.14()-13 2.676-~& 1.1.26-03 
~ , ~, O( "" r. c. 1.929-11 10385-03 7.322-10 2.072-01 4.83'1-02 2.570-01 1.075-13 7.116-06 4.079-12 1.156-!o 2.6>;16-04 1.n2-03 
: • c!' r .. 0 e 1.339-11 1.175-t3 6.102-10 2.077-01 &.865-02 20575-01 7.459-14 6.546-06 3·399-12 1.157-10 2.710-0& 1,LdE;-(\:! 

PIO~~"(;9 7.533-12 ~.051-04 4.576-10 2.01\5-01 4.900-02 2.584-01 4.196-14 5.042-06 2.549-12 1.162-13 2.730-"& 1.&I,ry-03 
1. :Jij( .... 1 0 4.?21-12 7.390-04 3.661-10 2.090-01 4.<122-02 2.590-01 2.686-14 4.117-06 Z.03'1-12 1.164-B 2.742- 0 4 1 .443-0~ 
1. 50!" 0 ?1&3-12 5.107-04 2.UD·ln 2,096-01 4.952-02 1.596-01 1.194-14 2.845-06 1035<;.-12 1.168 -I ~ 2.759-(\4 1 '4/~6-03 

2.JO~-10 1.205-12 3.9?7-04 1.830-16 2.1G0-Ol 4.970-02 1.601-01 6.713-15 2.188-06 1.019-12 1.170-03 2.769-0/. 1.440.-03 
3.000410 5.357-13 2.708-06 1.220-10 2.10&-01 4.987-02 1.605-01 2.984-15 1.509-06 6.796-13 1.172-1:: 2.778-04 1.451-03 
4.000'10 3.013-13 2.079-04 9.151-11 2.1(16-01 4,998-02 1.608-01 1.678-15 1.158-06 5.1)98-13 1.173-13 2.71"4-04 1.&53-03 
5.00i-l0 1.929-13 1.693-04 7.321-11 2.107-01 5.004-02 1.609-01 1.075-15 9.431-07 4. 11 78-13 1.174-03 2.788-04 1.4S3-0! 

6.00'+10 1.339-13 1.431-04 6.101-11 2.101.'-01 5.008-02 1.610-01 7.459-16 7.<;'72-07 30399-13 10174-03 2.790-0& 1.45/.-03 
8.00 .. 10 7.533-14 1.097-04 4.575-11 2.109-01 5.013-02 1.611-01 4.196-16 6.111-07 2.549-13 I .17~-03 2.793-04 1.455-03 
1.000>11 4.821-14 S.927-0S 3.660-11 2.110-01 5.016-02 1.612-01 2.686-16 4.973-07 2.039-13 1.175-OJ 2.794-0& 1.1.5S-0~ 
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6, c , (ARBON nOM Ie UTa = 12.r 11 "SO/KG .0050137' BAR~S/ATOH "JLTIPLY MSQIKG BY 10 F0R [,..eel r; 

PA1P PRo[UCllON PAIR PPOOIJCTION 
SCATTEVING SI: AlTER I NG 

PHOTON PIfQT('- NUCLEI R ELECTRON TO T A I PHOTO- NLJCL'AR ELECTRON TOT'I 
E~l[nGY r.OHERENT INCOYER. HECTR IC , IElO , IElO COil [RE NT INCOYER. ELEeTRI: nn~ FI[LD 

tV j<,"l(lM l\HTO~ 8/UOM B Ih TO" B IA ToM E / A1 OM ~,~c IK~ HSO I¥G HSO IKG MSO/kG '"'SO/KG HS0/kG 

1. Oor" 06 l.~P.2-06 1 .26 R' GO 2.562-05 0.000 C.OOO 1.261>00 3.852-06 60357-03 1.285-01 o.orQ 0.001l ".3(,1-03 
"V ,... 

1.02?>06 7.)55-0. 1.255+00 2.452-05 0.000 c.ooo 1.256+00 50688-06 (.2 0 7.-03 1.?29-01 o.r.ryG 0.000 ~.2q~-fl3 

~ 1.250,o6 1 .. ''17-0!' 1.13~+OO 1.665-05 z.P-lO-Ok c.OOO 1.135+00 2.£65-Q6 5.686-03 SIll34B-O·i! 1.&39-06 0.000 5.69"-O~ 

1 .500'06 3.115-04 1.031 +00 1.20')-05 1. ;']4-1)3 ~.OOO 1.033+00 1.71Z-06 5.169-03 6.062-01 7.992-06 0.000 5.1lQ-((3 .... 
2.~OO+C6 I.Q21-04 8.795-01 7.631-06 6.356-03 1'.000 8.861-01 9.631-07 £.410-03 3.r,26-0~ 3.187-05 0.000 1 .. 41,?-O3 ~ 
Z."I.4+06 1.139-04 8.687-01 70384-C6 6.~52-03 (.OoC P..7S7-01 9.220-07 40355-03 3.702-0~ ~.4:;5-n5 o.OGO 4.:>,<11-03 :; 
3.000>06 8.139-05 6.920-01 4.282-06 1.820-02 ,./.21-06 7.105-01 4.281-0, 3.670-03 2.147-0- 9.125-05 1.2H-r6 3.%;>-03 r-
4.rOO-06 &.803-05 5.772-01 2.947-06 2.955-02 ~.885-04 6.078-01 2.408-07 ? .894 -03 1./. ;'8-0" 1.4~2-04 4.956-06 3.01.7-03 m .... 
5.000>06 3.1>74-05 4.~85-01 2.239-06 3.966-()2 10970-03 5.402-01 10541-07 2.499-03 1.123-0~ 1.98P-04 9.~77-06 2.7flR-03 ~ 

6.000'06 2."35-05 I. .H6-01 1.802-06 4.876-02 ~.025-03 4.921.-01 1.070-0f 2.209-03 ~.035-0? 2.4£5-04 1.517-05 2.4~(;-03 :J>-
7.000_06 1.~6B-05 3.nO-Ol 1.507-06 5.687-02 4.079-03 4.570-01 70862 -oe 1.985-03 7.5~6-0) 2.~ ~1-()4 2.~45-Q5 ~.291-03 Z 
8.000+06 1.101-05 3.6~£-01 10 294- 06 6 •• 111-02 ~.102-03 4.297-01 6.022-0~ 1.807-03 6.6e8-0~ 3.2H-O. 2.558-05 2.15.-03 C 
9.000+06 q.lSB-06 3.313-01 1.13£-Ot 7.082-02 t.083-03 4.082-01 4.757-0S 1.~61-0~ 5.686-0} 3.55 1-04 3.05t-05 2 .()117~O3 ... 
1.000+07 7.6115-06 3.069-01 1.009-06 7.686-02 i.018-03 3.9011-01 3.~53-0E 1.539-03 5.05'1-0; 3.P54-04 3.514-05 1.~5q-03 0 
1.100>07 6.)52-06 2.'63-01 9.081--07 P.235-02 1.906-03 3.766-01 3.185-08 1.4~5-03 4.553-0', £.12°-04 3.966-", 1.fM-03 .... 
1.200+07 5.,37-06 2.685-01 S.258-07 8.734-02 E.H<;-03 3.646-01 2.676-01' 1.31.6-03 4.HO-O, 40382-01. 4.385-05 1.~.?8-03 » 
ldOr.+07 4.148-0b 2.529-01 7.571-07 q.209-02 ~.53B-03 3.5&5-01 2.28C-0~ 1.268-03 3.796-0'1 4.&17-06 4.782-05 1.77g-03 r-

101.ro>07 3.121-06 2.3~3-01 6.989-07 9.645-02 1.030-02 3.&61-01 1.966-08 1.200-03 3.504-09 4.836-04 s.161.-rs 1.l3';-P3 ,... 
1.5!'l0+07 3.116-06 2 .~72-01 6.490-07 1.0r5-01 1.102-02 3a3b7-01 1.713-01' 1.139-03 3.25&-0, S.0'~-04 5.525-r5 1.6°"-03 .... 
1.600"'07 3.(l;2-06 2.163 .. 01 6.058-07 1.GH -01 10170-02 30326-01 '.'O5-0~ 1.084-03 3.037-0, 5.234-04 5.866-05 1.6~7-0~ 0 
1.800+07 2.372-06 1.H7-01 5.345-07 1.114-01 1.2ge-02 3.221-01 1.Hl9-P.!! 9.912-04 2 .~8f-O·1 5.585-04 6.508-05 1 .6' t;, -(l~ ~ 
2.r.OV+07 1.~21-06 l.Q23-01 40782-07 1.177-01 1.£ 15 -02 3.162-01 9.631-09 9.140-04 2 03~1l-0'1 5.901-04 7.091.-05 1.575-03 ;:; 
2.200+07 1.~8R-06 1.,°4-01 6.326-07 1.235-01 1.5?3-02 3.081-01 7.962-09 8.493-01. ?.1 b9- n; 1'0.1 0 2-06 7.636-05 1.51, 5-03 
;>.400+07 1 .33G-06 1.583-01 3.949-07 10287-01 1.623-02 3.032-01 6.688-09 7.9:<7-04 1.9FO-0, 6.45~-O4 8.137-05 1.5?0-03 n 
2.600+07 1.137-06 1.186-01 3.633-07 10335-01 1.715 -0 2 2.993-01 5.701-09 7.450-04 1.&22-0'1 6.69:-04 8.599-f5 1.5 c n-03 '" 2.800-07 9.~03-07 1.,02-01 30363-07 1.379-()1 1.802-02 2.961-01 1 .. 915-09 7.029-04 1.686-0) 6.911.-06 9.035-C5 1.I,pt::.-03 0 
3.00r+07 8 .~3'!>-O7 1.327-01 3.131-07 1.1.20-01 1.883-02 2.935-01 4.281-0~ 6.653-04 1.570-09 7.120-C4 9.£41-(>5 1.67>-0' II' 

II' 
4.0Q~'07 4.E03-07 1.:55-01 2.3;>7-07 1.5FIl-Ol 2.226-02 2.865-01 Z.408-()'I 5.290-01. 1.167-0) 7.962-04 1 .115-V 4 1.437-03 
< .POO,07 ~ .(74-07 8.~05-P2 1.851-07 1.7H-01 ,.490-02 2.844-01 1.541-0~ 4.415-04 <;0.230-11 0.596-0£ 1.248-04 1.'76-03 II' 

m 
6.000+07 2.135-07 7.586-02 1.537-07 1.815-01 2.706-02 2.864-01 1.070-09 3.803-(14 7.70t-l ) Q.l00-1)6 la357-r6 1.4?t-03 n 
~.OOO+O7 1.,()1-07 ~ .98 3-02 1.148-07 1.967-01 ~. 0 4 1 -02 2.869-01 6.022-10 3.000-,,4 5.756-1) 9.862-06 1.525-06 1.£30-03 .... 
1,oor+G8 7 .~34-08 6.~~6-02 9.156-0~ 2.07<;-01 ~.296-02 2.905-01 3.853-10 2.490-04 4.591-1, 1.042-03 1.652-0£ 1 Ita ~ 7-0~ 0 
1.500,08 3.~15-0R 3"36-C2 6.081-08 2.267-01 ~. 734-0 Z 2.994-01 1.712-H 1.773-0& 3.n49-1~ 1.177-03 1.872-0& 1.501-03 Z 

!- 7.000+08 1.~21-08 2.773-02 1 .. 553-08 20384-01 £.02£-02 3.061.-01 9.631-11 10390-04 2.283-1,) 1.195-03 2·C18-P6 1.53~-O3 II' 

... ?no+08 E .~37-0':' 1.~65· 02 :;.030-08 2.528-01 ~03q7-02 3.164-01 £.280-11 9.852-05 1.519-1 ) 1.267-03 2.205-1)1, 1.5~6-0; .., 
:r 4.00C+08 4.r:02-09 1.,39-02 z.27C-08 2.613-01 &.630-02 3.230-01 2.&08-11 7.716-05 1 .13e-l 0 10310-0~ 2.321-n4 1.611"1- 03 0 
~ 5.000+C8 3 .~73 -09 1.174-02 1.815-08 2.670-01 4.792-02 3.277-01 1.541- 1 1 6.388-05 9.100-11 1.339-03 2.&03-0" 1 .6G:t -03 '" n 6.00f+08 2.134-09 1.191- 02 1.51?-Of 2.712-01 £.914-02 3.313-01 1·f)1C-l1 5.&70-~5 7.581-11 1 03M·O 3 2.464-~4 1.661-03 

"V 
:T 6.00r.·08 1.201-09 R.,2f,-03 1.133 ·08 2.7oll-lll 5.08£-02 3.362-01 6.022-12 4.272-05 ~.681-11 1.38e-O~ 2.;4<)-°6 1.6fP:: -O~ 

~ 
::c 

1.000'09 7.~84-10 7.,)09-03 9.06~-09 2.8~5-01 5.1~~-O2 30395 -01 3.~53-12 3.514-05 £.565-11 1.406-03 2.606-r6 1.70?-0~ 9 1.500.0'1 !.41S-10 ~.IQ5-03 6.01.1-09 2.85 o -nl 5.372 -02 3.445-01 10712-12 2.,.54-05 3.02~-11 1.633-03 2.6~3-04 1.7?7-03 

'" ~ 2.000+09 I.Q21-10 3.7S~-03 4.530-09 2.889-01 5.471-02 3.474-01 9.t31-13 1.900-05 2.271-11 1.46b-03 2. 743-06 1.742-0 l 0 
3.000>09 P.\37-11 2.03.-03 ,.019-0'1 2.<122-01 5.580-02 3.506-01 ~.28C-13 1.321-05 1.514-11 "!.£.65~·O~ 2.7<'~-~4 1. 75~-n Z 

0 4.000-09 &.~o2-11 2.133-C3 2.264-09 2.939-(.'- 5.64£-02 3.526-01 2.408-13 1.019-05 1.135-11 1 •• 74-03 2.830-04 1 .,f. 7- 0 3 II' 
0 5.000+09 3.073-11 1 •• 63-03 1.1i 11-09 2.951-01 5.684-02 3.536-01 1.54 T-13 80338-06 <;I.OBO-I? 1.&80-03 2.850-C4 1.77~-O~ 

P 60000+09 2.134-11 1.~10-C3 1.509-09 2.95"-01 5.712-02 3.543-01 1.07&-13 7.~69-06 7.506-11 1.6P.3-03 2.864-r.6 1.777-03 

< P,.OOO>09 1.201-11 1.186-03 1.1·32-09 2.9~9-01 5.749-02 3.555-01 6.022-14 5.445-06 5.676-11 1.489-03 2.8~2-04 1.7" ;:-03 

~ 1.000+10 7.684-12 8.1,6B-04 9.056-10 2.975-01 5.773-02 3.561-01 3.B53-H 4.446-06 1 .. 54()-11 1.492-03 2. B94-()4 1.785-03 
1.500+10 3.&1512 6.129-0 I. 6.037-10 2.984-()1 5.80S-02 3.571-01 10712-16 3.073-06 3.027-11 1.4'?6-C3 2.91C-04 1.IQ r-03 

~ ?000+10 1 .S21-12 4.712-04 6052E-l0 2.9p9-01 5.826-02 3.576-01 9.631-15 2.362-06 2·270-1J. 1.699-03 2. 9 20-04 1.79~-03 

Z 3.0r.0·l0 p .:37-13 3.?&9-(l4 3.018-10 2.996 -01 5.842-02 3.561-01 A.280-·15 1.629-C6 1.513-P 1.501-0~ 2. Q29-04 1.7'16-03 

~ 1 .. 00G+l0 4.8112-13 2.195-04 2.264-10 2.997-01 5.854-02 3.585-01 l.40R-15 1.251-06 1.135-1? 1.)03-0 2.935-04 1.797-03 

.c. 5.nOO+10 3.073-13 2.,)32-04 1.811-10 2.998-Gl S.860-fl2 3.586-01 1.541-15 1.019-06 9.080-1~ 1.~03-0 2.938-04 1.7Q?-03 . 6.COP.l0 '..13£-13 1.117-04 1.509-10 3.000-()1 5.865-02 3.588-01 1.070-1~ 8.609-07 7.S6t.-n 1.'04-U 2. 9 41-06 1.799-03 -:0 p.onr. ... l0 1 otO 1-13 1.lll-P4 1.132-10 3.0!Jl-01 5.~70-02 3.589-01 6.022-16 6.603-0 7 5.676-11 1.~O5-0 2.9t.;-Ob 1.800-03 0 ... 1. on o·~ 11 7 .6~l: -1/1 1.,)71-06 9.055-11 3.002-01 5.873 -0;;> 3.590-01 3.R~3-16 5.370-07 ". S/d~_1! 1.5(,5-0 2.9/.5-06 1.~OO-O3 ~ 
0 
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~ 
0 

n Z ~ 7, II • NITROGEN ATOMIC n. ~ 1 •• 0067 MSo/KG .COIZ9Q,O BARNS/ATOH MUl TlPl V "SO/KG PV 10 FO!! C'!SO/G 
:r .. 
11 PAIR FROOuCTION P ~ lR PRODUCT I ON 

SCATTERlllr, SCIlIER Ill!; 

'" ~ PIl"TON f'HOTO- NUctE AI! HEC TRO" TOT II P40TO- NuCLEAR ELECTRON TO T AI 

E NERGV COHERENT INCOflER. £lECTR l( FIELD FIELD COPER En IN(OHER. EI.ECHIC FIHD FJELD 
0 
Q EV H I ATO~ A/ATO" R fA TO~ "./ATO!! BIA TOM R /l 1('" "Sll/kl. MS'l/~{; I!:iQ/U MSrJlKG I4S0/~G MSr./KG 
jl 
< 1.ror.06 1.158-03 1.1.79+00 S.530-05 O. OC 0 0.000 1.480+00 ,.979- D6 60359-03 ? a37E-07 G.ooe o .c O~ (.36/t-03 

~ 1.022+06 1.109-03 1.46'-00 S.293-05 0.000 c.ooo 1.465+00 10.768-16 6.294-03 2.27t.-07 0.000 0.000 6.290-03 

:0 
1.250-06 7.414-04 1.323-00 l.S'l3-05 3.931-0J. a.oco 1.326+00 3.188-(6 5.088-03 1.545-07 1.690-06 O.OOG 5.6o~-03 

1.590' 0 6 5.149-04 10202-00 Z.t09-05 2.177-03 r. .000 1.205+00 2.214-(6 5.168-03 1.122-07 9.360-06 0.000 5.1~O-O3 

Z 2.000-06 2.847-04 1.026-00 .• 6t,3-0S 8.667-03 0.000 1.035+00 1a246-{b 4.411-03 7.064-08 3.726-05 O.O!' 0 1 .. 45 o-o~ 

!' ?t41o+06 7.773-04 1.013+00 '.590-05 9.31.3-03 o.oco 1.023+00 1.1Q2-C6 I. .355-03 6.836-0~ 4.017·0~ 0.0 ao 4.30 7-03 
.,. 3.0JO-0" 1.287-0. 8.073-01 ?200-0t 2.1.79-02 2.824-04 8.325-01 5.533-07 3.471-03 3.955-~8 1.1166-iH 1.21!.-~6 3.57"-03 - I • • OO~+O6 7.2/,3-05 6.734-01 1>.323-06 4.023-02 1.153-03 7.149-01 3.114-07 2.895-03 2.719-08 1.730-04 4.957-06 ,.073-03 

~ 5.000·06 4.635-05 5.815-01 •• 199-C6 5.398-02 2.298-03 6.378 -0 1 1.993-07 2.50~-u~ 2.063-08 2.321-04 9.1:'''0-06 2.7&2-03 

'" 6.0DO_06 ~.219-05 5.140-01 la861-06 6.636-02 3.529-03 5.839-01 1.38&-07 2.210-03 1.660-08 2.8C;;:!-04 1.517-05 ~.~11-03 
0 7.~~Q+06 Z .365-05 4.620-01 3.227-06 7.737-02 4.759-03 5.642-01 1.017-a7 1.986-03 1.387-08 3.3?6-04 2.046-05 2.3~O-O3 

R.OO~·06 loBl1-05 4.205-()1 1.770-06 &.731-0, 5.952-03 5.138-01 7. 7&6-~8 1.801'-03 10191-011 3.754-04 2.559-05 2.20°-03 
'1.000_06 t.431-05 3.865-01 i.426-06 9.633-02 7.097-03 4.e99-01 6.152-08 1.662-03 1.043-0:~ 4.142-04 3.051-05 2.1~6-03 X 
1.0le.07 1.159-05 3.5&1-01 1.157-06 1.045-01 8.H8-03 1,.708-01 I. ."63-0B 1.540-03 9.274-09 4.493-04 3.52C-05 2.024-03 c: 
101JO_07 9.577-06 30340-()1 1.942-0)6 1.120-01 9.223-03 ('.552-01 4.118-0~ 1.436-u3 8.349-09 4.31;.-u4 3.965-05 1.957-0~ tD 

tD 
1.2JO,07 8.047-06 3.132-01 1.766-06 1.1eS-Ol 1.020-02 1,.422-01 3.460-08 1.347-03 7.59~-O~ 5.106-04 4.385-05 1.90 1 -0> m 
, .3JC.07 t.857-06 ?.9~1-01 1.61'i-06 1.252-01 1.113-02 4.314-01 2.94e-l'8 1.269-03 6.961-09 5.383-04 1..7P;-05 1.ec::r:-03 ... ... 
1.41C-Q7 5.912-06 2.792-01 1,1,94-e/, 10311-01 1.201-02 4.223-01 2.5/,2-08 1.200-03 I> .1.23-09 ,.637-01, 5.164-r5 1.81(;-O~ ~ 

1.5 In. {) 7 5.150-06 2.650-01 1.3P.7-06 , 0367-01 1.285-02 4.146-01 2.7.11.-118 1.13<;!-O3 5. 0 63-0<,; 5.1'77-G/, 5.525-05 l.n?-G3 C) 
1.6')0.07 I •• 527-06 2.524-Vl 1.295-&6 t./'l~'-Ol 1.365-02 /,.080-01 1o~'6-08 1.085-03 '>.5t~-09 !-.101-04 5.869-05 1.7Q-03 

~ 1.8~O+O7 3.577-06 20307-~1 1. 142-r'> 10514-01 1.5H-02 3.972-01 1.5}8-08 9.919-01. 4."'0-1)<l e.5r.S-04 6.509-05 1.7~I\-O~ 

2.0)0+07 ;>.897-06 2.1,27-01 1.022-u6 1.5S-9-01 1.650-C2 3.891-01 1.2t.6-0B 90145-04 4.3"1.-0'1 6.e7S-0/' 7.094-05 1.673-03 3C 
2.2)0+07 2.394-06 1.976-01 ~.241-07 1.677-01 1.776-UZ 3.1331-01 1.029-08 8.496-04 3.973-09 7.2 10-04 7.636-05 1.6/.7-03 ~ 

2 .1, ~ P-+ 0 7 2.012-06 1.846-01 ~.435-07 1.747-01 1.8'1;>-02 3.n2-01 8.650-09 7.937-04 306;>7-09 7.511-0. 8.134-05 1.6<6-03 l> 
2.6)0.07 1.714-06 1.734-01 1.759-07 1.812-01 2.000-02 3.746-01 70369-0'1 7.455-G4 3.336-09 7.7 9 1-01. 8.599-05 1.611-{)3 Z 
2.1DO_07 1.478-06 1.636-01 1.183-07 1.871-01 2.101-02 3.717-01 6. 3S5-~9 7.034-04 3.081'-09 ~.O(,4-1!4 9.033-05 1.59 1;'-03 C 
3.0·JO~07 1.2P.8-06 1.549-Cl £0686-07 1.926-01 2.195 -02 3.695-01 5.538-09 6.660-04 2·675-09 o.2~1-04 9.437-05 1.5U-O~ 

1,.0)0+07 7.~42-07 1.231-01 ~.968-C7 ! .153-01 2.591-02 3.643-01 3.114-0Y ~.2"3-04 2 .136-09 9.257-04 1.1H-04 1.566-03 '& 
5.0oH·07 4.635-07 1.027-01 ,.952-07 ?325-01 <! .900-02 3.642-01 1.993-09 4.415-04 1.699-09 9.996-04 1.21.7-04 1.5"/'-03 < 
t.O~C+07 3.219-07 P.b5t-02 3.281-07 !.462-01 3.150-02 3.662-01 1.384-09 3.~O5-04 1.1.11-09 1.059-03 1.354-04 1.574-03 m 

:l1:li 
·.fH+07 1.810-07 6.980-(}2 2.450-07 /.667-01 3.539-02 3.719-01 7.782-10 3.001-114 1 .O53-0~ 1.1.7-03 1.522-0 /, 1.599-03 tD 
1.0?0-08 1.159-07 5.794-02 1.'lQ -07 Z.&1'1-01 3.832-02 3.7B2-01 4.\183-10 2 •• 91-04 a.401-1i1 1.212-03 1.648-04 1.6'6-03 '& 
1.5~r,+()8 5.1!.9-0A 4.126-02 1.298-07 3.071-01 4.340-02 3.918-01 2.21&-10 1.71£-04 5.581-lr 1.320-03 1.8,,6-04 1.6"'-03 
2.0~O+08 2.896-08 3.235-02 9.715-08 3.229-01 4.675-02 4.020-01 I.Z45-1~ 1.391-04 4.<77-1u 1.3PP.-03 2.010-04 1.7'8-03 
3.010+08 1.287-0~ 2.293-02 6.1,65 - 08 '.418-01 5.102-02 4.15B-Ol 5.533-11 9.859-05 2.780-1J 1.470-03 2.19.-04 1.7n- 03 
I •• r H'.f.OP 7.241-09 1.796-02 1 .. 844-0e ;.5~O-O1 50368-02 40246-01 3.113-11 7.722-05 7. .Of3-10 1.518-03 2.301'-n4 1 .B2t--O ~ 
S.POO+08 4.63.-09 1.1.1'6-02 3.8 73-0~ !.605-01 5.554-u2 4.309-01 1.992-11 6.389-05 1.665-10 1.550-03 2a38~-n4 1.~>;?-03 

c. ",roOF 3.218-09 1.273-02 3.2?6-08 1.659-lil 5.69?-07. I, .356-01 1.384-11 5.473-65 1.!P7-10 1.573-03 2.H7-r4 l.t73 .. 03 
~,C~{1.08 1.~10-0'l 9.940-{)3 2a418-DP >.731-01 5.B84-02 4.419-01 7.782-12 {, .274-05 1.0H-H 1.604-03 2.530-04 1.«OC-03 
1.o~e+oq 1.159-09 8.178-03 1.934-li8 3.77<>-01 6.014 -0 7. I. .462-0 1 I. .91l3-1? 3.516-05 1>.31'>-11 1.625-03 2 .5~6-r." 1.~<e-03 

1.'i ~O' 09 5.14()-10 5.711-03 1.289-~8 l.R{,~,-Ol 6.709-02 4.526-01 2.214-1~ 2.45~-O5 5.542-11 1.654-0'! 2.66~-04 1.'14(;-03 
2.0cr+09 ,.896-10 1 •• 420-03 9.666- 09 1.887-01 6.320-02 4.563-01 1.ZI.5-l{ 1.90D-OS 4.156-11 1.671-03 2.717-~/. 1.9f.Z-()3 

::.C~~+09 1.7.~7-10 3.073-03 6.443-09 1.<)28 - 0 1 6.443-02 4.603-01 5.533-15 1.321-05 2.770-11 1.6P.9-03 Z.77G- r 4 1.97Q-Oo 
':'.{,~O+O9 7.241-11 2.372-03 4.~31-r.9 30951-01 6.515-02 4.626-01 3.113-H 1.020-(,5 2.C77-11 1.6'19-03 2.aOl-C4 1.9P9-03 
S.~6C·OQ 4.634-11 1.Qt.O-03 3.865-09 3.965-01 6.559-02 4.640-01 1.'192-1l 80341-06 1.662-11 1.705-03 2.820-04 1.9°Cj-O::i 
t. fJ( O+IJQ 3.218- 11 1.645-03 3.221-0'1 ;.975-0t 6.590-02 4.650-01 1.384-13 7.073-06 1.385-,. 1.709-03 2.B33-~4 1.9Q9-03 
e.~~(.G9 1 .e 1 0 -11 1.267-03 la415-09 l.9!l~-Ol 6.632-02 4.664-01 7.7112- 14 5.447-06 1.D3€-11 1.715-0, 2.P51-04 ? .005-03 
1 • C 'C, 1 0 1 .159-11 1. a35-03 1.<)32-09 30996-01 6.658-02 4.672-01 4.9113-14 4.450-G6 8.306-12 1.718-03 2.863-04 2.0r9-03 
1.5(0+10 5.149-12 7.15C-04 1.28f.-ry\l l.()O~-Ol 6.694-02 4.685-01 2.214-1. 3.0H-C6 5.531>-12 1.123-03 2.870-04 ? .014-03 
2.0(l'~~10 2.896-12 5.497-04 9.661-10 A.OtA-01 6.715-02 4.691-01 10245-11 <.363-06 4.154-12 1.7;>6-03 2.~87-04 2.017-113 

3.6~O·'0 1.28/-12 3.791-C4 6.4'0-10 '.02e-f/l 6.735-02 4.697-01 5.533-11 1.630-06 2.76<)-12 1.728-03 2.'196-0/, ?0?r-03 
4.0(0+10 7.241-13 2.911-01. 4.830-H t.t24-01 6.746-02 4.'102-01 3.113-11 1.252-01) 2.077-12 1.73~-O~ 2.901-04 ?0?1-03 
5.0!O·10 &.63.-13 2.370-04 3.861.-10 j.C26-01 6.755-02 £.704-01 1.<t92-1l 1.019-06 1.661-12 1.731-03 2.904-~4 ? .027-03 
6.PC~.10 3.218-13 2.003-01. 3.22u-l0 1.027-01 6.760-02 £.705-01 1.384-11 8.612-07 1.~8"-'2 1.731-0~ 2.906-04 ? .077-03 

'.GCO· 1 0 1.~10-13 1.536-04 2.415- 10 l.029-01 f..766-0;? ~.707-01 7.762-H 6.604-()7 1.nS-1? 1.172-03 2.909-04 2.0'4-03 
.r (0 +11 1.159-13 1.250-0/. 1.932-10 l.030-01 6.770-02 4.708,01 £.-;83-16 5.374-07 P.306-'3 1.n3-0" 7..911-04 ?024-03 
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~t fj .. OXVGI::N nOMIC W", ~ 15.'n9& MSO IKG .nr.376,9? SAR"S/A1OM MUll1PlV MSQIKb BY 1~ fOD [WSOI& 

P ~ lR PROJU[ Tl Oli PAIR PRODUC11oN 

SeA TT ER!NG ScnTER!NG 
PHOTON 1'11010- DUCLE H ELECTRON TOTll PHOTO- NUC! EAR ElECTRON TOTAL 

ENERGY C~HERENT I~[OHER • ~l£CTIlIC f 1 flO rlHr COHERENT It/COHER. 'ElECTR It f I EtO FJELD 

EV alA TOf! 30 TOM S/ATOH BnTO~ Bn TOM B /A TOM HSO/KG "SO/l( G "50/1«(; "SO I~G MSO/t<G MSO IK, 

1.001)+06 1.1>74-03 10691 +00 1.072-04 0.000 0.000 1.693+00 6.301-1)6 b.365-03 4.03~-or D.oor 0.(100 6.371-03 '"1:1 
l> 

1.0?2·O6 1.6()3-03 1.673'00 1.026-0& 10000 0.000 1.675-00 6.034-06 6.297-03 3.862-07 0.1i 00 0.000 6.3~~-D" 
~ 1.250+06 1.07l-03 1.512+00 6.966-()5 50 159-04 ~.ooa 1.514*00 4.1135-06 5.691-03 ... 622-0 7 1.942-06 O.OOu 5 .6<)7-~3 

10500-06 7.44"-04 1.374'00 5.054-05 1.850-03 G.ODO 1.378<00 2.801-1)6 5.172-03 1<°02-0 r 1.073-05 0.00(; 5,,1!5-~3 .... 
2.00Q+06 4.187-04 10173+00 3.179-0S 1.134-02 0.00(' 1.185*00 1.~n-06 4.415-113 10 19 7-0 7 4.268-05 0."0. & .'~r)_Q:! lIII 
;>.0{,{,'06 " .008-04 1.1Sa-oo 3.075-05 l.nZ-02 0.000 1.171+00 1.509-n6 4.359-03 1.157-0r 4.60r-o~ 0.000 4.4Ob-01 :;; 
3·r,oO·06 1.861-1)4 9.2;,>6-01 1.776-05 30241-02 3.228-04 9.555-01 7.005-07 3.47J-03 6.,,85-08 1.2".0-04 1.21S-06 3.5'17-03 ... 
4.00Na6 1.047-04 7.6"6-01 10219-05 ,.256-02 1.3111-03 8.236-0, 3.941-07 2.897-03 4.5P8-0S 1.978-04 4.961-06 3.100-03 m .... 
5.000+06 6.699-05 6.646-01 9.2k~-06 r.OS1- 0 2 2,626-03 7.378-01 2.521-07 2 .5t'~-03 3.~79-0' 2.6S&-C& 9.H.4-l'b 7.777-03 -
6.000+06 4.652-05 5.874-~1 7.430-06 ~.66~-O? 4.033-e3 6.781-01 1.751-07 2'211-03 2.797-05 ~.261-04 1.51S-05 2.552-03 ,. 
7.000'06 3.1.18-05 5.280-01 6.207-Q6 1.010-01 5.438-03 6.345-01 1.287-07 1.987-03 2.336-03 ~.~O2-0& 2 .047-{) 5 2 .3 Q il-O J 2 
? .01)0'06 2.617-05 4.805-01 5.326-06 1.13",-01 6.803-03 6.612-01 9.850-0f. 1.809-03 2 .OOS-O.~ 4.2l'7-04 2.561-05 2.26!-03 CI 
9.000+06 2,068-05 4.417-lll 4.663-0~ 1.257-01 ~.11'-03 5.755-01 7.7114-08 1.663-03 'i.75S-0B 4.731-04 3.053-r5 2.166-03 .... 
1.000-07 1.675-05 4.093-01 4.1&6-06 1.363-01 ~.3S7-03 5.556-01 6.305-08 1.541-03 1.561-0S ~.131)-O4 3.522-05 2.0'19-03 0 
1.1~0-07 1,384-05 3.R17-01 3.732-06 ,.46(--01 10054-02 5.383-01 S.~C9-08 1.4J7-03 1.405-0.\ 5.495-04 3.967-05 2.026-03 .... 
1.200>07 1.16]-05 3.580-01 30392-06 1.549-01 1.166-02 5.246-01 4.377-08 1.347-03 1.27i'-Od 5.830-0& 4·389-05 1.'174-03 ,. 
1.300.01 9.911-06 3.37?-Ol 3.1l}9-C6 1.632-01 1.272-02 5.131-01 30730-08 1.269-03 1.HO-OR 6.1&;3-04 4.71'>1>-05 1.9~1-03 ... 
1.400_07 8,545-66 3.1"0-1)1 2.869-06 1.7(,9-01 1.373-02 5.036-01 3.21(.-08 1.201-03 1.080-0a 6.433-04 5.168-05 1 .896-0~ ,. 
1.SO?·01 7.444-06 3.029-01 2.664-00 1.781-01 1.468-02 4.957-01 2.802-08 1.14\)-03 1.003-00 6.704-04 ~.S25-0~ 1 .8~6-Q3 .... 
1.t-OO>07 6.5&2-06 2.88S-01 2.486-06 1.349-01 1.560-02 4.1'>90-01 2.462-08 1.086-03 9.357-(\> 6.959-04 5.872-"5 1.1>£1-03 0 
1. 8 00+0 7 5.169-06 2.636-01 2.193-06 1.973-01 1.730-02 4.782-01 1.946-08 ".922-04 8.254-M 7.426-04 6.512-05 1 .80~-03 3 
2.0CO+07 4.187-&6 2.431-01 1.961-06 1.084-01 1.885-02 4.704-01 1.576-08 9.150-04 7.381-09 7.PU-C4 7.095-05 1.nG-03 ;; 
2.20Q+07 !.461-06 2.258-\)1 1.774-01> 2. I 8 5-0 1 2.029-02 40646-0 I 1.303-08 8.499-04 6.677-09 8.2?4-04 7.637-05 1.74"'-03 
2.&00+07 2 .901'-06 2.11Q-Cl 1.619-06 1.217-61 2.161-62 £.603-il1 1.095-08 7.942-04 b .1)94-09 1'.570-04 8.134-05 1.733-03 n 
2.6~0+07 2.478-1)6 10981-01 104E9-06 /.36T-Ol 2.284-02 4.570-411 90327-09 7.456-04 5,604-0~ 8.1\87-04 8.591-r 5 1.7?O-~3 :Ill 

2.8VO+07 2.136-06 1.869-01 1.37P.-06 1.439-01 2.399-02 4.548-01 hO&O-09 7.035-04 5.1,07-0. 9.18r-D4 9.030- n S 1.71?-O3 0 
3.00(\+C7 I .~o1 -06 10770-01 1.283-06 1.51T-01 2.506-02 &.532-01 7.005-09 6.662-04 , .829-0;; 9.1.51-04 9.432- n S 1. 706-n~ '" '" 4.f.CQ+07 1.047-G6 1.4ilo-Ol 9.531-07 {.R04-01 2.958-02 4.506-01 3.941-09 5.29<'-04 3.587-0~ 1.055-03 10 113-04 1.696-03 
5.000'07 6'(;99-07 1,174-01 7.581-07 !.ezF-Ol 3.30"-02 4.533-01 2.521- 09 I. .1.19-1l4 2.85:;-O~ '.1&0-03 1.245-04 1.706-03 '" m 
6.COO·07 £ .652-07 1.011-01 6.291.-07 10201.-01 3.59&-0. &.574-01 1.751-{)9 3.8(\5-t)~ 2.369-1)' 1.206-03 1.35~-OI. 1.7:>?-O3 n 
E.OOC+07 2.617-07 7.977-02 &.698-(J7 ,.£12-01 ~.O36-02 4.673-01 9.850-1 0 3.002-0/, 1.768-0, 1.30t-03 1.S19-n4 1.f5CJ-O~ 

..... 
10000+08 1.675-07 6.621-02 3.7£7-07 ,,668-01 4.368-02 &.767-01 6.305-10 2.492-04 1.41 0-09 1.31!1-0~ 1.644'-04 1.7"4-03 (5 
1.~ {Hl+OB 7.443-08 4.715-02 ".4 PI!-07 l.9~3-0 1 &.942-02 4.959-01 2.801-10 1.775-04 9.36~-lJ 1.SP3-03 1.860-r4 I.P66-03 Z 

~ 2.GOO.08 4.186-08 3.697-()2 1.S63-()7 •• 193-Dl 5.316-02 5.094-01 I.S76-10 1.392-G~ 7.e12-10 1.5 78-0~ 20001-04 1.917-03 '" 
~ 

3.000+08 1.861-08 2.620-02 1.239-07 "43!-0 1 5.791-62 5.274-01 7.005-11 9.861-05 . 4.663-10 1.66<>-03 2.180-04 1.9PS-OJ ",,' 

'< 
&.OCO+OS 1.047-08 2.052-02 9.287-08 .. 573-01 6.084-02 5.387 -01 3.941-11 7.724-05 '3_496-1 ~, 10721-G3 2.290-04 2.C27-03 0 

~ 5.000-08 6.698-09 1.699-02 7.425-08 •• 666-01 6.286-02 5.465-01 2.521-11 6.395-05 2.795-1~ 1.756-03 2.366-04 2.0~7-03 :cI 

n 6.000+08 , .652-09 1.455-02 6.185-08 '.1::'3-C1 6.436-02 5.S22-01 ,. 7S 1-11 5.477-05 Z.32B-1r 1.781-03 2.422-04 2.078-03 
:r 8.0GO+08 2.617-(19 1.136-02 4.637-08 ,.823-01 b.645-02 5.601-01 9.~SO-12 4.276-05 1.745-1{; 1.815-03 2.501-04 20108-03 "II 

It :c 
? 1.000+09 1.675-09 9.346-03 3.706-08 "8e.2-()1 6.784-112 5.654-61 6.305-12 3.518-05 '.396-1~ "8~b-03 2 .553-04 2 .178-03 0 

1.500'09 7.443-10 6.527-0 2.471-08 •• r;6~-Ol 6.<f9:1-02 5.733-01 2.801-12 2.457-05 9.301-11 1.870-0:- 2.632-01, 2 .1~e-03 .... 
'" 2. GO 0_ 09 4.f86-10 5.052 -03 1.853-G~ 5.C1S-01 7.111-02 5.777-01 1.576-1'1 1.902-05 6.975-11 1.S~!;-03 2.677-04 2.17£-03 0 
~ 3.000+ 0 9 10861-10 3.512-03 1.235-08 1.066-01 7.241-02 5.825-01 7.005-13 1.322-05 4.64E-l1 1.907-03 2.725-N. 2.19 .. -03 Z 
a 4_~OO'09 1.04 t-1O 2.711-1l3 ... 262-09 5.093-01 7.317-02 5.857-01 3.941-13 l.u20-05 3./,86-11 1.917-03 2. 7 54-04 2.2~'-O:" CIt 

a 5.0r.0·09 6.698-1 I 2.217-03 7.4\l9-{)9 1.110-01 7.364-n2 5.869-01 2.521-1:3 8.;!1,5-06 2.789-1, 1.923-03 2.772-04 2.2"9-03 
~ 6.000-09 " .652-11 1.8PO-03 6.17&-aQ 1.123-01 7.396-02 5.881-01 1.751-13 7.{)76-06 2.3;>1, -11 1.92.8-03 2.7e4-04 ? .2H-03 

< P.()OO+09 2.617-11 104& 8-03 &,630-01 5.138-01 7.&40-02 5.896-01 9. 8S 0-1& 5.450-06 1.743-11 1.934-~3 2.800-04 2.219-{)3 

~ 1.COV+10 1.675-11 1.18".-03 3.704-00 ;.1£8-01 7.468-02 5.907-01 6.305-14 4.449-06 1.394-11 1.931'-0'" 2.1'11-04 7. .223-03 

1.5nO-11l 7,4£3-12 8.172-04 2.1,69-r.9 ,.162-Cl 7.505-02 5.921-01 2.801-H 3.076-06 9.~93-12 1.9&3-0 2.825-04 2.278-03 

:!' 2.0CO+10 4.1&6-12 6.282-04 1.8S2-{)9 ;.11{)-{)1 7.521-02 5.929 -01 1.576-14 2.364 -06 6.97,-12 i .946-0 2.833-04 2.232-03 

Z :!.O~O+TO T.861-12 4.333-04 10235-09 ;.178-01 7.548-C2 5.937 -01 70005-15 1.631-06 " .6&8-12 1.'1 49-!3 2.841-04 ;> -23,-03 

!' 4.(-00"0 1 .~4 7-12 30326-04 9.260-1~ ;.182-01 7.562-02 5.91.2-01 3.941-1S 1.252-06 3.485-12 1.950-C~ 2.846-04 ? .2,6-03 

l> 5.000+10 6.69$-13 2.709-04 7.408-10 ;.184-01 7.570-02 5.941.-01 2.521-15 1.020-1111 2.788-12 1.951-0'1 2.849-04 2.V7-03 

- 6.000+10 4.652-13 2.290-04 6.173-10 1.11'6-01 7.575-0<, 5.946-01 1.751-15 a .619-07 2.323-12 1.952-~~ 2.851-04 2 .23f>-O~ ~ 

; e.nOO',0 2.617-13 10 756-1)4 4.630-10 ,.11\8-01 7.580-02 5.948-01 9.850-16 6.609-07 1.743-1, 1.953-0 2.P 53-04 2.23<:'-03 0 

... 1.000.11 1.675-13 10428-04 3.704-10 1.19~-OI 7.S!!5-02 5.(51)-01 6.305-16 5.31S-01 1.394-1 .. 1.953-~:! 2.11>5-0£ ".2&0-03 ~ 
0 
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n 9, F • FLUORINE &TOl!lC \/10 = :r 18.9911&0 MSfl/l((' .0031697~ BARNS/ATOM ~UlTIPlY ~SO/KG ev 10 FOR CV~O/G .. 
? PliR PROOUCT ION P~IR PRODUCTION 

'" 
Sf.lTTEPJNf, SC HTE R J>lG 

~ ""llrON PHO To- NuCLEAR ElECTRON TOTAL P"OTO- NUEI EAR ELECTRON TO 1A L 
EtJHr,V COHERENT INtOIlER. ElECTR If. FJELD , fIElD COflERENT INCOHER. ltrr.TRlt r IElD FIELD 

1:1 
D 

If E'/ AI ATOM 81 AlOM UA TOH B/ATO" 81A TOM ~ IATOM MSO/KG MSO IKG "SO/Kr H,O/I((, "SO/K( MSOfKG 

< 100~'l+06 2.3&2-03 1.'1~2+00 1.916-04 n.ooo 0.000 1.905+00 7.424-06 6.029-03 6.073-(7 0.000 a.oolt 6.(J!7-0~ 

~ 10022+06 2.2&2-03 1.882*00 1.834-04 0.000 0.000 1.88&+00 7.107-06 5.965-03 5.813-(7 o.ocr 0.001) ~.97~-03 

:,0 1.25')<C6 1.499-03 1.701-00 1.244-04 6.506-()4 0.000 1.703*00 4.751-06 5.392-03 3.943-£ 7 2.062-06 0.000 5.399-03 
1.50)+06 1.041-03 1.546.00 9,028-05 3.601-03 0.000 1.551*00 3.300-06 4.900-03 2.862-~7 1.141-05 a.aoo 4.91~-O3 

Z 2.(0)-06 5.858-04 1.319+00 5.669-05 1.4~4-()2 0.000 1.334+00 1.357-06 4.181-03 1.7'1l-H 4.545-05 0.000 &.?2I!-03 
!' 2.04HD6 5.609- 04 10303+00 5.£83-05 "546-(12 D.OOe 1.319+00 1.778-()6 &.130-03 ,. 738-{,7 4.90~-O5 n.OOG 4.181-03 

!" 3.00~-O6 2.604-04 1 •• Hf·00 3.16fl-05 4.101-02 3.631-0£ 1.080+00 !!.254-07 3.290-03 10002-H 1.300-04 1.151-06 3.&'?-O3 

:c; £.CO~+06 I.H5-04 8.658-01 2.166-05 6.651-0;> 1.483-03 9.340-01 4.6U-07 2.7U-03 6.P66-f8 ;>o10B-04 4.701-06 2 .960-0~ 

5.00'+06 ?374-0~ 7.477-01 1.641-0~ 8.924-02 2.9S&-03 8.1,00-01 2.971-01 2.370-03 5.202-0~ 2.829-04 9.363-06 2.663-03 
01> 
0 6.000-06 6.51O-0S 6.6(19-01 1,319-05 1.096-01 4.538-03 7.751-01 2.064-07 2.095-03 4.181-08 3.47&-0& l.t38-05 ?&57-03 

7.000-06 " .7~3~05 5.9&0-01 1.101-C~ 1o27E-Ol 6.118-03 7.2BO-Ol 10516-07 1.883-03 3.490-08 4.051-04 1.939-05 ?3r8-03 

e.o~~+oll 3.662-05 5.406-01 <;.444-06 1.441-01 7.653-00 6.924-01 1.161-01 1.714-03 2.99& -H' 4.568-04 2.4<'0-05 2.1 9 5-03 

9.0~O-O6 2 .~93-0 5 4.'169-01 8.266-06 1.589-01 9.12& -03 6.650 -0 1 9.170-08 1.575-03 2.620-nf 5.071-0& 2.8"2-05 ?13e-O! ::J: 

1.000+07 2.34&-05 &.60&-01 7.3&8-06 10 724 -01 1.053-02 6.43& -0 1 7.430-0~ 1.459-03 7..329-08 5.465-04 3.33f,-05 ?'.0~9-03 C 
1:11' 

101 O~ +0 7 1.937-05 &.29&-01 6.612-G6 l.e& 7-01 1.186-02 6.260-01 t.14 O-O~ 1.361-03 2.r·;>(;-.t 5.~55-Q4 3.759-°5 1.9·&-03 1:11' 
1.260-07 1.627-05 4.02 7 -01 6,00y-06 1.959-01 1.311-02 6.117-01 5.1S7-0E 1.276-03 1.905-H 6.210-04 4.156-0S 1.939-03 m 
10300-07 1.387-05 3.794-01 5.507-06 2.063-01 1.&30-02 6.000-01 4.396-0E 1.203-03 ,. 746-18 6.539-0& .4.53S-C5 1.90?-03 ... 
1_400+07 1.196-05 3.58"-01 5,G82-06 2.160-01 1.54&-02 5.904-01 3.791-02 10 138-03 10611-1& 6.847-04 4.894-05 1.871-03 r 
1.500-07 1.042-05 3.40B-Ol 4.717-Q6 2.251-01 1.652-02 5.82~-01 3.303-()f 1.080-03 1.495-18 7.135-04 5.236-05 1.8&6-03 Q 
1.600+07 Q.155-06 3.2&5-01 4.402-06 2.336-01 1.754-02 5.757-01 2.902-OE 1.029-03 1'095-18 7.4I1S-04 5.560-05 1.825-03 i 1.£\00*07 7.233-06 2.966-01 3.882-06 2.493-01 1.945-02 5.654-01 2.293-0a 9.402-04 1.231-,1< 7.907.-04 6.165-05 1.792-03 

2.000*07 5.859-06 2.73S-01 3.~71-06 2.633-01 2.120-02 5.580-01 1.851-0~ 8.669-04 10 1 DO-til 8.346-0~ 6.720-rs 1.76"-03 ,. 
2.200-07 &.842-06 2.5&0-01 3.139-06 2.760-01 2.U1-02 5.528-01 1.535-0~ 11.051-04 9.950-f9 8.749-0& 7.230-0S 1.752-03 

2.400- 07 4.069-06 2.37&-01 c.865-06 2.875-01 2.430-02 5.492-01 1.Z90-0a 7.525-04 9.081-'S 9.113-04 7.703-05 1.741-03 • 2.600+07 3.467-06 2.22"-01 1,635-06 2.981-01 2.568-02 5.&67-01 1.099-0~ 7.065-04 8.352-09 9. 4 ~ 0-0 4 8·140-0~ 1.'73!-O3 Z 
2.800+07 2.989-06 2.103-01 2,439-06 3.079-01 2.697-02 5.452-01 9.4 7&-O~ 6.666-04 7.731-1'1 9.760-04 8.549-0; 1.nll-03 C 
3.00C+07 2.604-06 1.991-01 2.270-06 3.17(\-01 2.817 -02 5.443-01 8.254-0~ 6.311-04 7.1 '15 -,..,. 1.(}O5-0~ 8.929-~5 1 • n~-03 

'& 
4.000-07 1.465-06 1.582-01 1.686-06 3.540-C, ~.324-02 5.454-01 £.t44-0S 5.015-04 5.34&-19 1.1?2-03 10054-04 1.72°-03 < 
5.000+07 9.374-07 1.321-01 1,341-~6 3.R22-01 3.717-02 S.515-01 2.971-09 4.187-04 40251-G9 1.;>11-03 1.1H-~£ 1.7&8-03 m 
(, .000-0 7 6.510-07 1.138-01 1.113-06 4.045-01 4.036-02 5.587-01 2 .064-P~ 3.607-04 3.521!.-P9 1.287-03 1.;>79-C4 1.771-03 '" 1'.000-07 3.662-07 8 .97S-02 8,307-07 4.3RO-Ol 4.530-02 5.731-01 1.1bl-0~ ?P&5-04 2 .633-n9 1.388-0; 1.&36-~4 1.816-03 1:11' 

1.000-08 2.343-07 7.449-02 6.626-01 4.626-01 4.901-02 5.861-01 7.427-1[ 2.361-04 2.,00-n9 1.466-0~ 1.554-0& 1.8513-03 $ 
1.SCO-08 1.041-07 5.305-02 &,400-07 s.r2'1-01 5.536-02 6.113-01 3.300-H 1.6P2-04 1.395-19 1.594-03 1.755-04 1.'j'R-n3 

2.000+08 5.858-08 4., 59-62 3.294-07 5.276-f.1 5.949-02 6.287-Cl 10857-J! 1.318-04 1.0H-09 1.672-03 1.8P6-04 1.993-03 

3.0"0-08 2.60&-08 2.948-r,2 2,191-07 5.561'-01 6.467-02 6.510-01 8.254-11 9.34&-05 6.945-10 10765-03 2.050-0& 2.0f.?-03' 
4.000_08 1.464-08 20309-02 1 ,64 2-07 5.738-01 6.183-02 6.647-01 4.641-11 1.319-05 5.205-10 1.819-0~ 2.150-04 20107-03 

5.0UO·OB 9.373-09 1.911-02 1.313-07 ~.850-01 7.001-02 6.741-01 2.971-11 6.0;7-05 '.162-10 1.854-03 2.219-04 2.137-0" 

6.000*08 6.509-09 1.636-0;> 1.094-07 5.931-01 7.162-02 6.811-01 2.063-11 5.186-05 3.468-10 1.88C-03 2.n()-04 2.159-03 

8.000-08 3.661-09 1.278-02 8,197-08 t.O&O-61 7.384-02 6.906-01 1.160-11 4.051-05 2.598-10 1.915-63 2.341-0& 2.1po-03 

1.000-09 2.343-09 10051-02 6.SS6-0f t.l10-01 7.532-02 6.968-01 7.427-12 3.331-05 2.0711-1& 1.937-03 2.387-04 2.2~9-03 

1.500-09 1.0&1-09 7.343-03 4.369-08 6.212-01 7.753-02 7.061-01 3.300-12 2.328-05 10 385-1Ii 1.969-03 2.4S8-04 2.238-03 
2.000+09 5.858-10 5.6~3-03 3.276-0B 6.268-01 7.878-02 7.113-01 1.857-1, 1.801-05 1.038-10 1.987-0~ 2.497-04 2.255-0" 
3.QOO-09 2.60'&-10 3.951-03 2.18&-08 t.329-01 8.013-02 7.170-01 8.254-13 1.252-05 6.9~3-ll ?.OO6-03 2.540-0& 2 .27'-03 
A.COO.09 1.46&-10 3.0S0-03 1.637-01' t.361-01 8.094-02 7.201-01 4.641-1] 9.668-06 50189-11 2.016-03 2.566-04 2.28~-03 

5.01l~-09 9 .• 373-11 2.&94-03 1.310-08 ~.382-01 8.1&2-02 7.221-01 2.971-13 7.905-06 4.152-11 2.02:-03 2.581-04 2.289-03 
6.C~~+OQ 6.509-11 2.115-03 1.092-0A t.396-01 8.171-02 7.23S-01 2.063-1) 6.704-06 3.461-11 2.027-03 2.592-04 2.29'-03 
?rOO+09 3.661-11 , .629-03 8.186-09 f.&15-01 8.222-02 7.253-01 1.160-13 5.164-06 2.59S-11 2.033-03 2.606-0& 2.2'1 0 -03 

1o~OO·10 2.343-11 1.330-03 6.549-09 t.427-C1 8.251-02 7.265-01 7.427-H 4.216-06 2.076-11 2.037-~3 2.615-~4 2.303-03 
1.500>10 1.0&1-11 9.193-0& 4.366-,)9 ~.443-01 8.290-02 7;281-01 3.300-11 2.914-06 1.384-11 ~.042-03 2.628-0& 2.3&8-03 
2.0~GqO 5.P58-12 7.068-04 3.274-09 t.452-01 8.313-02 7.290-01 1.857-11 2.2&0-(,6 1,.031'-11 2.045-03 2.63S-~4 2.31 1 -03 

~.OOO-10 2.604-12 4.874-04 2.183-09 f.&61-01 8.33&-02 7.299-01 fl.254-1\ 10545-06 6.920-12 2.04P-03 2.642-~4 2.314-03 
4.~OO+10 1.464-12 3.742-04 1.637-0" ~.466-01 8.349-02 7.305-01 4.641-1~ 1.186-06 5.189-12 2.0sr-03 2.646-"4 ?031<-03 

5.000-10 9.373-13 3.047-04 10310-0'1 t.469-01 8.357-02 7.308-01 2.971-15 9.658-07 &.1S2-1;> 2.051-03 2.649-~4 2.3U-03 
6.COO+l0 6.509-13 2.576-04 10091-09 l.471-01 8.362-02 7.310-01 2.063-1~ B.165-07 3.458-12 2.0,1-03 2.651-0& 2.317-OJ 
a .IIM.10 3.661-13 1.975-04 P.185-10 ~.474-01 8.368-02 7.313-01 10160-15 6.260-07 2.594-12 2.052-03 2.652-0& 2.3H-()3 
1.D~0-11 2.343-13 1.607-0& 6.548-10 t.476-01 8.372-02 7.315-01 7.427-!t 5.0 0 4-07 2.076-1? 2.053-03 2.654-04 ? .319-03 



TABLE 6. Cross sections .and~~8 . a.~tenuaiioIi coefficients for the iidividual.snd totiilPhotOnatom iIifieractil)nproc:es&s, 1 MeV. to 100 GeV 
Z=l to lOO-Continued .. . .. ., 

10, liE. II~ON ATO!! Ie VT. ,.. 26.179 MSO/KG .OO~9843IBiRNS/ArOM ~~lTj~LY ~!O/KG ~y 10 ~OR c~so/c 

PAIR f'RoDUI:TIOII. ·pnR PRODUCTiON 
seA TT ER HIt SClTIERiNG 

PHOION PHOTO- NIJClFAR El EC TRON . TOTAl PHOto- Nutl[A~ ELECTRON TaHl 
E~EltGY COHERENT INCOIIER. EtEc.TR fc 'IEle FiElD (OUF.RENT I NeoHER. eleCTRIc FIElD rtELD 

E:I EIATO" B/A tOM Q/ATOH l/ArO" B/Alb" B/ATO"· "SO/KG !!SO/KG MsaiKI; HSO/Kf HSD/KG "SO/KG 

1000a+06 3.191-03 2.113+IiO 3.212-04 .0·,000 0.000 2.117+PO 9.523-06 6.306-03 9·.5P6-07 C'ODe 0.1100 6.316-G3 ~ 10022+06 3.056-03 2.091+00 3.074-04 0,000 0.000 ~.O91.+00 9.120-06 6.240-03 9 .• 114:-07 a.coO 0.000 . 6.250;'03 
1.25t+C6 ;>.QI.3-03 108S9+()O .2.086-01. 8.090-04 0.000 1.892+0.0 6.097·-06 S.637-03 6.225-IU 2 .• £14-06 0.000 5.6~7-03: ~ 
1.snH06 '·.419-03 1.71.8 +0·0 10512- 04. £.464-03 0.000 1.72uOO 4.235-06 S .127-03 4.512-07 103.32-05 0.000 5~ 145-03 
2.0N+06 7 • .983:"01. 1.466+00 9.481-05 1.77s-nz 0.000 1.485-00 2.382-0t- 4.375-03 ;> .82.,. .... 07_ 5.297-05 0.00·0 4.431-03 '"'" ".044+06 7.643-04 1.448-00 9.169-05 1.913'-1i2 0.000 10468+00 2.251-ti6 4.321 ;'03 2.736-0; 5.709-05 0.000 4.3111-03 '" 3.0nl+06 3.5£9-04 1.153:>00 5.274-05 5.068-02 4.035-04 '.204>00 1~O59-06. 3.441-03 h574:'(/7 10512'-04 1.204-~6 3.595-0·3 :; ... 
4.00!+06 1.996 -04 9.620-01 3.611":05 8.214,.02 1.647-03 "046+00 5.957-07 2 .R71 ~\13 r.p?S-(H 2.451'-04 4.915-06 3.1'2-03 m 
S.OOhCt. h278:'04 ~ .308-01 2,733-05 1'; 02 -0.1 3.283-03 9.444-01 30814-07 2.479-03 8.156·-0~ ! .289-04 9.797-0b 2.818-·03 :' 
6.~01-06 8.872-05 7.343-01 2.1.9S-0S . 1.353,.01 5.042-03 S.748-01 2.648-07 2.191-03 6.S.5·1-01i 4.0 3·j<~04 1.S05-~5 2.611-03 

)0 
7.UO~·06 6.518-05 6.600-01 1.832-05 1.5 i6~01 6.798-03 g~2·£·5'-01 1.945-07 1.970-03 5.467-08 4.703-04 2 .• ()29-0 5 2.461-03 
8. 00~+06 4.991-05 6.006-01 1.571-05 1.778-01 8.503-03 70870-01 1.489-07 1.792-03 4.688-0' 5.';06-04 2.Bf;-OS 2.349-0·3 2 
'i.ro~.06 3.943-0S 5.521-01 1.374-05 1.961-01 1.014-02 7.584-01 1.177-07 1.64B-03 4·.10o-0t 5.~52-M 3.026-0S 2.26;-03 C 
1.00H07 3.194-05 50116-01. 1.221-05 2.127-01 1.110-02 7.360-01 9.532-08 1.527-03 3 .6t.4-0~ 6.3M;-0I. 3.492-05· 2.197-03 

'"'" 10 1 0(+07 2 .640-05 4.711-01 1.099-05 2.277-01 1.317-02 7.180-01 7.879-08 1.42&·-03 3.21!0-Ot 6.795-04 3.930-05 2.10-03 0 
1.20·(+07 2.218-05 4.475:-01 9.985-06 2.416-01 1.457-02 7 .()37.-0 1 6.619-0F. 1.335-03 2.980-08 7.210-04 4.348'-05 ?1tO-03 '"'" 1.30(+07 1.890-05 4.216-01 9.149-06 2.544-01 1.589-02 h919-01 S'640-OS. 1.258:"03· 2.730-0f 7.592-04 4.742-05 2.065"03' .~ 
1040(+07 1.6~C-05 3 .• 9811-01 8.442,..06 2.664-01 10715-02 t ~824 -01 4.864-08 1 .• 190-03 2.519-0~· 7.950-64 5.118-0S 2 .O36~O3 
1.500+07 1.419-05 3.786-01 7.g36-06 2.715-01 1.83S-02 ~.745'-O1 4.235-08 1.nn-03 2.339-0i< 8.281-04 5.476-~5 2.013-03 )0 
1.60(+07 1.248-05 3.606-~1 7.311-06 2,880-01 10949-02 t..6fSf-01 3.724:"'08 10076-03 2.182,..08 8.595-04 5.816-05 1.99£·"'03 '"'" 0 1.800+07 9.858-06 3.295-01 6.146-06 3.073-01 2.161-02 t.S84-01 2.942-08 9 .833~O 4 1.,,2&.-0. 9.171-04 6.449-05 1.965-03 

~ 2.00~+07 7.985-06 3.039-01 5.764-06 3.245-01 2.355-02 t.520-01 2.383-98 9.069-04 1.~20':'ria 9.684-04 7.028-'-05 1.946-03 
2.200~07 6.599-06 2.823-01 5.~.12-06 3,401-01 2.533~O2 ~.477-01 ".969-08 8 ·.42 5-04' 10 555-0. '1.015-03 7.559-~5 1.933-03 n 
2.400+07 5.545-06 2.638-01 4.756-06 3,543-01 2.698-02 t.451-01 1.655-08 7.873-04 1.&19-0& 1.057-0" 8.052-05 1'.9?5-03 n ?600+()7 4.725-06 2 .417-01 4.H4-06. 3.673-01 2.852-02 t.H5-01 1.410-OS 7.:;92.-0,4 ,. 30S-0t 1.096-03 B.Sl,;-05 1.920 k o3 

'" 2.800+07 4.07&-06 2.336-01 4.,)48-06 3.793-01 2.991.-02 6.428-01 1.216-08 6.971-04 102 08 -o.~ 1.1 !2-0! 8.935-05 1.91~-(j3 0 
3.000+07 30549-06 2.212-01 3.76S-06 3.904-01 3.128-02 ~.429-01 1.059-08 6.601-04 1>124-0t 1.165-0"1 9.335-05 1.919-03 U'l 
1..000+07 1.996-06 1.758-01 7.198-06 4,361-01 3.689-02 6.488-01 5.957-0" 5.246-04 8.350-0· 1.3Cl-03 1.101-04 1.936-0~ U'l 

5.000+07 1.278-06 1.467-01 2.225-06 ".705-01 4.124-02 6.581.-01 3.814-09 4.378-04 6~640-0? 1.4Qt.-O· 1.231-04 1.9"~':(): U'l 
c.GOO'O? 8.872-07 1.264-01 1.~47-06 4,977-01 4.471-02 6.689-01 2.648-09 3.772-04 5.512-(1· 1.4aS-0! 1.336-04 1 .9('6~0·~ m 
f.nOO.O? 4.990-07 9.972-02 1.371>-06 5.390-01 5.021-02 ~.889-01 10489-09 2.976-j)4 4.112-0~ 1.609-03 104\18-04 2.056-0\ 9 1.000+08 3.191.-07 R.276-02 1. G99-06 5.690-01 5.428-02 7.(;60-01 9.532-10 2.470-04 3.280-0~ 1.691'-0! 1.620-04 2.107-03 
10500+08. 1.1.19-07 5.894-02 7.298':'07 6 .• 177-01 6.121-02 70379-01 4.235-10 1.759-04 2 .17e-(l~ 1.843-03 1.1127-04 2.20::;-03 0 

!- ~.OOO+08 70984-08 4.621-02 5 •• 62-07 6.473-01 6.567-02 7.592'-01 2.383-1() 1.3i'Q-C4 1.630-0~ 1.932-03 1.960·-04 2.266-0~ Z 
'" " 3.000*08 3.548-08 3.~75-02 3.434-07 6.8;>0-01 7.123-D2 7.860-01 1.059-10 9.774-0"5 1.084-0S 2.0",5-03 2.126-04 2.346-03 :r 

& .ooo·Otl 1.996-08 2.565-02 2. 7 23-07 7 .c21-0 1 7.460-02 8.024.-01 5.957-11 7.655-0S. 8~126-1(· 2.095-03 2.226-.0·4 2.394~03 "n '< 0 ~ 5.000+08 1.277-08 2.123-02 ;1.117-01 7.154-U1 (.691-02 8.135-01 3.811-11 6.336-05 6.497-1( 2.135-03 2.295-~4 2 .42P'·~03 
n 6.000+08 8.871-09 1.818-02 1.313-07 7.249-01 7.1!61-02 8.217-01 2.647-11 5.£25-05 5.411-1' 2.16:"-O~ 2 .346-04 2.452-03 :III 
:r 8.000'08 4.990-09 1.42.0-02 1.359-07 7.376-01 8.094-02 8 • .327-01 1.489-11 4.23fl.,05 4.056-1n 2.;!oi..,03 2.416-01. 2.485-03 -a ? 1.000-0·9· 3.193~09 1.168-02 1.087-07 7·.459-01 8.250-112 8.401-01 9.5~9-12 3.486~O5 3.:144-H 2.226-03 2.462-'04 2.507-03 :r: .. 10500'09 1.419-09 II • 159-o<i3 7.245-0~ 7.578-01 8.460.-02 8.508-01 4.235-12 2.435-1l5 2.162-H 2.262-OJ 20531-04 2,S3Q-03 0 

2.0 0(j'0 9 7.984-10 6.314-03 S.l33-0a 7 .643-b 1 8.610-02 8.567-01. 2>383-12 1.884-{)5 10621-H 2.2P.1-03 2.56C;-~4 2.557-03 -I 4 0 .:" 3.000.0.9 3.54P--10 &.390-03 3.~21-08 7.714-'-01 8.151-02 8.633-01 1.05<)-12 1.310-05 10 081"-1 0 2.302-03 2.612-04 ?·,576-03 
tJ 4.000'09 1.996-10 3.389-03 2.715-08 7.752-01 8.834-02 8.669-01 S .957-13 1.011-05 8.102-11 2.313-0~ ~ .636-04 2.5~7-03 Z 
c 

5.000'09 1.277-10 2.172-08 7.776-61 8.e84-0c· 8.692-01 3.811-13 8.270-06 6.482-11 2.32.1-03 2.651-04 2.594-03 '" Ji 2.771-03 
6.000'09 8.871-11 20350-03 1.~10-0a 7.793-01 8.920-02 8.709-01 2.647-'13 7 ~013~06 5.402-'11 2.326-03 2'6b2-04 2.5'19-03 

< 8.000'09 4.'190-11 1.810-03 1.~5e-Ot 7 .~16-01 8 .'M 7-02 ~. 7?9-0 1 ·1.489-13 5.402-06 4.053-11 2.332-03 2.6 ll:-f 4 2.60<-03 
~ 10000'10 3.193-11 1.478-03 1.ij86-08 7.828-01 8.997-02 8.742-01 9.529-14 4.411-06 !.241':.11 2.336-0~ 2 .685-C 4 7..60°-03 

... 1.500>10 1.419-11 1.OZ1-113 7.24 0- 09 7.847-01 9.037-02 8.761-01 &.235-14 3.047-06 2.161-11 2.342-0~ 2.697-04 2.61~-O1 
~ 2.000'1 (I 7.984-12 7.853-04 5.430-09 7.857-01 9.061-02 8.771-01 2.383-14 2.344-06 1.620-11 2.345..,03 2.704-~4 2.618-03 
:z 3'000'10 3.548-12 50416-04 3.t20-0Q 70868-01 9.082-02 8.782-01 1.059-14 10616-06 1.080~11 2.3411-03 2~710':'~4 2.6"-03 

.!J 4.000+10 1.996-12 4.158-04 2.715-09 7.H~-01 9.097-02 8.788-01 5 .• 95(-15 1.241-06 8.102-1. 2.35.0-03 2.715'-04 2.623-03 
~~ 5.000"10 10277-12 3.386-04 2.172-09 7 .S77":O 1 9,106-{)2 8.·791·~Ol 3.811-15 1.010-06 6.482-12 2.3S1~O~ 2.718-01. 2.624·-03 

6.000·'0 8.871-13 2.862-04 1.S10-09 7 .B80-0 1 9.111-02 8.794-01 2.647-15 8·541,..07 5.402-12 2.352-05 2071';-04 2.624-03 ... :; !I.OCOol0 &.990-13 2.195:'0i. 1.357-09 7.g83-~1 9.111-02 e.791-01 1.1.89-15 6.')51-07 4.050-12 2.353-03 2.721-04 2.625-03 
~ 0> hOOO-1 ) . 31193-·',3 1.785-04. 1.086-09 7.s8S-0t 9.121-02 8.79,9-01 9.529-:-.16 . 5.327-0.7 3.21.1-12 . 2 • .35.3-0.~ 2 .• 722-04 2;626~O3 

Q (oJ 
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n l ~ 11, !lA. sonlUM aTOfriTC l:T. = 22.98977 "SO/~G .00261945 'lJRNSIATOH MULTIPlV ~SO/kG BY 10 f0R Ct.l(CC/( 
:r 
~ 

? PATR PRODUCT TON Pll~ PROOUCrJON 

'" 
SC'TTERIN!: SClTTERIt;G 

; PHOON PHOTO- ~UCLE lP ELECTRON TOTAL PHO TC- NUeL "R £lECTR(,N TDTAl 
E "£'!G Y COHEHNT INCOHER. elECTRIC fiElD rJE lO CO"ERENT TNCOHER. ,lLlCHIC r lEU nnn 

g 

1 £V n I ATOM B/AlOM 91A TOM B IATO!' 81 A TOM B I A TOM ,",SO/KG KSf)IKG M~O/~G MSO/(t; "~QIKG MS~n.G 

< 1.0~0·O6 4.128-03 2.324+0C S.B5-C4 D.Clle 0.000 2.329+00 1.081-05 6.088-0'1 1 .345-06 o.oo~ O.OGO 6.10Q-(;:" 
~ 1.0?2-06 3.9;2-03 2.299-00 &.914-C4 D.OOO 0.000 2.303+00 1.035-OS 6.022-03 1.2117-0b D.oor O.OilO 6.0'1:4-0~ 

-0 1.210+06 2.643-03 2.071'+00 ~. 333- 04 ~.~69-04 0.000 2.082+00 6.923-06 5.4&3-03 8.731-07 2.5P5-06 0.000 5.4S4-C3 . 1.5~O+ 06 1.836-03 1.8S9_0(; ,.416-04 5.425-03 0.000 1.897_00 4.S09-06 1 .. 948-03 6.329-07 10&71-11 5 O.OOij 4.96P-03 
Z 2.0'ln+06 100E-03 1.612+00 1.513-04 2.1S3-02 0.000 1.635+00 2.706-06 4.223-03 3.963-07 5.640-05 0.0(1) 4.?~2-03 
~ 7.0~4·06 9.887-04 1.5Q2+GO 1.463-04 2.321-02 0.000 1.616+CO 2.590-06 4.170-03 3.832-07 6.080-0~ 0.000 4.2~4-0" 

.:. 3.010+06 4.590-04 1.269+00 E.&00-05 6.139-02 4.438-04 1.331+00 1.202-06 3.324-03 2.200-01 1.60S-04 1.163-D6 ~.4"7-03 

4.010+06 2.582-04 1.0S8+00 5.743-05 9.91.2 -(\2 1.812-03 1.160+00 6.763-07 2.771-03 1.504-~i 2 .6~4-04 4.746-06 3.0~7-03 

0 5.0lfi+06 1.653-04 9.138-01 1.344-05 1.3~3-01 3.611-03 1.051+00 4.330-07 2.394-03 1.136-07 3.492-04 9.45<;-"6 2.753-03 
at 6.0l0·Olo 1.148-04 8.077-01 3.486-05 1.636-01 5.5&6-03 9.770-01 3.007-07 2.116-03 9.131-08 4.21'5-04 1.453-05 2 .5~<f-03 
0 

7.0~G-06 ~.432-05 7.260-01 ,,908-05 I.Q06-P.l 7.& 77-03 9 •• 42-01 2.?09-07 1.902-03 7.617-0~ 1..993-04 1.959-05 ;> .4?1-03 
~.ODO+06 6.1.56-05 6.607-01 ,.493-05 2.1,0-01 9.35:"-03 ~.S51-01 1.691-07 1.731-n3 6.530-06 5.t,~2-0& 2.1.5t-05 ?031<;-03 

:E: 9.rOO+06 5.101-05 6.073-01 1.181-05 2.37G-Ol loll ~ -0 2 8.555-01 1.336-07 1.591-03 5.713-0P 6.208-04 2.921-05 2.24 1-03 
1.00C-07 &.137.-05 5.627-01 1.937-05 2.571-01 10286-0;> t'.327-01 1.CP2-07 1.474-03 S.Ol4-PB 6.735-04 3.369-05 2.1"1-03 r:: 

I:JI 
1.100·07 3.&15-05 5.2&9-01 ,.743-05 2.753-01 l.U9-02 8.1&7-01 a.94S-01l 1.375-&3 4.506-0E, 7.211-04 3.796-n5 (! .1"l& -C3 I:JI 
1.~OO-O7 2.869-05 ".922-01 1.583-05 2.920-01 1.603-02 8.003-01 7.515-~8 1.289-0:" 4.147-0G 7.6&9-04 4.19';-05 2.0 0 6-&? "' 1.300+07 2.&45-05 4.t37-01 1.451-(15 3.()75-01 1.748-02 7.SB7-01 ('a405-~8 1.215-03 3.801-08 8.055-0£ 1..57<;-05 ~.O~('-03 

r-

1.400+07 ;>.108-05 &.387-01 1.338-05 3.219-01 1.886-02 7.795-01 5.522-08 1.149-0~ 3.505-08 8.432-04 4.9&0-05 2.04<-(}3 
r 

1 .SryO+ (}7 1.836-05 4.165-01 '.242-05 3.354-01 2.018-02 7.721-01 &.e09-C8 1.0Ql-02 3.253-0t' 8.786-04 5.281>-05 2.02~-03 Q 
1.600+07 1061&-OS 3.966-01 '.159-05 3.480-01 2.143-02 7.661-01 4 .~28-~8 1.039-03 3.036-08 9.116-0& 5.613-05 2.0~7-03 ~ 1.300+07 1.275-05 3.625-~1 '.021-05 3.712-01 2.376-02 7.575-01 3.340-011 9.&95-04 2.£74-01; 9.77 3-04 6.224-05 1.9R4-03 
2.000·07 1.0~3-05 3.3&3-01 9.132-06 3.920-01 2.589-02 7.522-01 2.706-(8 8.757-04 2.3<;2-0F 1.027-03 6.7&2-05 1.970-03 ~ 
2.200+07 8.536-06 30105-01 3.257-06 4.1DS-01 2.785-02 7.492-01 2.236-[(' 8.133-04 2.163-08 1.076-03 7.295-05 1.96~-03 

2.&00'07 7.173-06 2.901-01 7.535-06 &.279-01 2.966-02 1.477-01 1.1'79-[8 7.599-04 1.97&-08 1.17.1-03 7.769-05 1.9~~-03 ,. 
2.600'07 6.112-06 2.724-(11 •• 928-06 4.435-01 3.135-02 7.473-01 1.601-[S 7.135-04 1.S15-0d 1.162-03 8.212-05 1.957-03 Z 
2.~OO+07 5.270-06 2.570-01 6.&12-00 4.580-01 3.291-02 7.&79-01 1.380-(8 6.732-04 1.680-0B 1.200-03 R.621-05 1.9<;9-03 C 
3.000+07 4.591-06 2 .4~4-fl1 >.967-06 4.714-G1 3.438-()? i .&'12 -0 1 1.203-~8 6.316-04 1.563-08 1 .2' 5-0 3 9.006 -0 5 1.96?-03 

& 4.()O(l+07 2.5P2-06 1.934-01 •• &30-06 5.?64-01 4.053-02 7.603-01 6.763-(9 5.066-04 1.160-~8 1.3 7"-0~ 1.062-0& 1.992-0'1 
5 .000·07 1 .653-06 1.614-01 1.523-06 5.67'1-01 4.530-02 7.746-01 4.330-U9 4.228-04 9.22S-09 1 •• Be-03 1.187-04 2.0?9-03 < m 
f.eC~·07 101&8-06 10391-01 1.924-06 6. {'08-0 1 4.915-0? 7.891-01 3.(l07-!9 3.644-04 7.659-09 1.574-03 1.287-04 2.0~7-03 :III:J 
~.OOO+07 6.455-07 1.097-01 1.182-06 6.502-01 5.509-02 8.150-01 1.691-C9 2.87£-04 5.716-0° 1 .7(13-03 1.443-0& 2.135-03 1:1' 
10000+08 &.131-07 9.104-02 1.740-06 6.B58-01 5.9S2-02 8.364-01 1.082-(9 2.335-04 " .558-0'1 '.796-03 "559-04 2.191-03 & 
1.500+08 1.836-07 6.483-02 1.155-06 7.1.34-01 6.703-02 8.753-01 4.1'09-10 1.698-04 3.025-0" 1.~4;-03 1.756-04 ?293-03 
2.0ryO+OR 1.033-07 5.C83-0' 1.646-07 7.7&" -0 1 7.186-02 9.Gl'-01 2.706 -1 0 1.331-01. 2.21>5-0 (, 2.03~-03 1.852-04 2.360-03 
3.000'08 &.590-08 3.603-02 ~.752-07 8.195-01 7.790-02 9.334-01 1.202-'0 9.438-05 1.507-0" 2.14 7-0 3 2.041-04 2.&~C.-03 

4.000-011 2.582-08 2.!!22-02 •• 309-07 8.434-01 8.160-02 9.532-01 6.763-'1 7.392-05 1 .12<;-O~ 2.20~-03 2.137-~4 ? .49 7 -03 
5.00NOa 1.652-08 2.336-02 30445-07 8.592-01 e.416-0? 9.667-01 ,.327-'1 6.119-05 9.024-10 2.251-03 2.205-04 2.53<-03 
6.00~·OS 1.14fl-OS 2.000-0? ?1I70-07 8.705-01 8.60S-02 9.766-01 3.007-11 5.<'39-05 7.518-10 2.2"(-03 2.254-04 2.558-03 
P .~O 0.08 6.455-09 1.562-02 ~.151-07 8.857-01 8.870-02 9.900-01 1.691-'1 &.092-05 5.634-1;) 2. 32C-~ 3 2.323-04 2.593-03 
1.COO+09 4.131-09 1.285-02 1.721-07 8.956-01 9.048-02 9.989-01 1.082-'1 3.366-05 4.508-10 2.3H-03 2.3/0-r,4 2.617-03 
1.~(j0+Oq 1.836-09 h974-03 1.147-07 9.'99-01 9.317-02 1.012+00 4.809-'2 2.351-05 3.0{'S-10 2.383-C3 2.441- n4 2.65 1 -03 
2.~OO+O9 1.033-09 6.946-03 >0597-08 9.178-D1 9.472-02 1.019+00 2.706-12 1.819-05 ;> .25;>-1() ;>.4Ill-03 2.481-r4 ~.670-03 

3.(00+09 4.590-10 4.R30-03 ;.730-08 9.263-01 9.643-02 1.028+00 1.202-12 1.265-05 1.501-1U ;> .42t-0 3 2.526-04 2.692-03 
1..(00_09 2.582-10 3.728-03 ~.297-08 9.309-01 9.744 -07. 10032+00 6.763-13 9.765-06 t.12t'-H 2.43f-03 2.5>2-04 2.703-03 
~.(~~"O9 1.652-'10 3.0411-03 ~.438-08 9.338-01 9.807-{)? 1.035+00 4.327-13 7.984-06 9.0116-11 2.4H-O~ 2.569-04 7.711-03 
h(~0+09 1.148-10 2.585-C3 7.86 S - 08 9.35~-Cl 9.851-02 1.037.00 3.007-13 6.771-06 (.505-11 2.1, 'i '-03 2.58(;-04 2.716-03 
".{CQ.OQ 6.455-11 1.991-03 2.148-68 9.384-01 <;0.910-02 1.039+00 10691-13 5.215-06 5."27-11 2.45~-O3 2 .596-~4 2.77:'-03 
10000-10 & .131-11 1.626-03 1.719-01- 9.&00-01 9.947 -0 2 1.041>00 10082-13 4.259-il6 4.503-11 2.461-03 2.606-04 2.i'?7-03 
1.\rO·10 1.836-11 1.124-03 1.146-08 9.424-01 9.999-02 1.044+00 4.809-14 2.944-06 3.n02-11 2.469-03 2.61'1-~4 ? .733-03 
;>.QOO>10 1.033-11 8.638-04 8.593-09 9.4!6-01 1.003-01 1.045+00 2.106-14 2.263-06 2.251-1' 2.472-03 2.627-04 2.737-03 
3.0~C+10 1..590-12 5.957-04 5.728-09 9.449-01 1.006-01 1.046+00 10202-!4 1.560-06 1.500-11 2.4 1S-0 3 2.63S-04 2 .74~-03 
4.000+10 2.582-12 4.574-04 4.296 -09 9.456-01 1.008-01 1.0&7+00 6.763-15 1.198-06 1 .12 ;-11 2.477-03 2.~40-04 2.71, ?-03 
5.800_10 1.652-12 3.724-04 3.437-011 9.460-01 1.009-01 1.047.00 4.:<27-15 90755-07 9.003-12 2.478-03 2.643-04 ? • 74 3-03 
hOilO+l0 1.148-12 3.148-04 2.864-09 9.463-01 1.009-01 1.11&8+00 ~.007-15 8.246-!l7 7.502-12 2.479-03 2.60-04 2.7&4-03 
8.000.10 6.455-13 2.414-04 ;>.14S-09 '1.467-01 1.010-01 1.048·00 1.691-15 6.323-07 5.677-12 2.4R~-03 2.646-04 2.745-03 
1.~OO+11 4.131-13 1.964-04 1.71S-09 9.469-01 1.011-01 1.048·00 1.082-15 5.1&5-07 £.500-12 2.4!")-O~ 2.648-0& ? .146-03 



TABU: 6. Cross sections and mass att.p.nnat'on coefficients for the individual and tot"l photon atom interaction proC"8Se5, 1 \[0\' t·) 1(", (;".Y, 

Z= 1 to lOO-('Alntinued 

12. HG, .HAGNES!U~ ATO~!( ~r. = ;> 4.305 HSO/l(, .Or247770 BARNS/lrOH MuLTTPLY ~Sa/KG AY 'C FOO CI1Sfl/G 

P. TI> PRODUCT TON PI H! PRO[lUCTTON 
S[ATTf:RTII( SC A rTE I> INC 

PHOTON PHO TO- NUCLEAR ELECTRON TOTAl. F'nOrO- 'lUC.EI" ElECTRON TOTAL 

E liE RG Y rOHEREIIT INeOHER. ElECTR1C FJElD FIE LIl COHERENT INCOHER. tUCTRIC r I 'til FI~ln 

EV 81A TO" B/ ATOH BllTOM BIATO" a I A rOM BlAT OK "SO IKG HSO/KG MSO/Kr, "SO/KG "SO IKG 14S0/K( 

l.raO+06 5.212-03 2.535·00 7.B 77-04 O.VOO 0.000 1.291-05 "'.21'1-03 c.o~~ G.OOO 6.296-03 
-u 

2·5&IHO 1.952-06 > 
1.022'06 £.991-03 2.508·00 7.538-04 0.000 0.000' 2.514+~0 1.237-C5 6.214-03 1.B6e-06 ".OtG 0.000 6 .n~-03 

~ 10250'06 3.337-03 <.267+00 5.111-04 1.185-03 0.000 2.272+00 fi .768-06 5.617-0:- 10266-06 2.936-06 a.OOD 5.6;>9-03 

10500+06 2.318-03 2.061-00 3.704-01. 6.4B7-C3 0.000 2.070+{>O 5.7£3-06 5.107-03 9.177-01 106,)7-05 o.oo~ 50129-03 -f 
2.000+06 1.!O4-03 1.759+00 2.316-04 2.569-0" 0.000 1.786+(0 3.231-06 & .358-03 ~. 738-07 ".3.5-05 0.000 4.4U-03 ::IV 

2.C4"·06 1.249-03 1.73,'00 2.239-04 2.769-02 0.000 1.766+('0 3.095-06 4.304-03 5.5£c-07 6.8.,-05 o .coo &.376-03 :; 
3.000+06 5.797-04 10381.+CO t.2S4-04 7.314-()2 4.842-01 1.1.58+(0 1.1.36-06 3.429-03 3.11'1 -07 1.812-04 1.200-"6 ~.61l-03 r-

4,000'06 3.261-04 10154+()0 8.766-05 1.184-01 1.977-03 1 .275+~O 8.080-07 2.859-03 2.172-07 2.9>4-04 4.898-06 ~.15<)-1l3 
m ... 

5,000+06 2.087-04 9.9t9-01 6.625-05 1.586-01 3.939-01 1.,60+00 5.171-07 2.470-03 1.6&1-07 3.9,0-04 9.760-06 2.E73-03 . 
b,rUn'Ob 1.4&9-04 8.&11-01 5.313-05 1.%7-01 6.050-01 10082-00 3.590-07 2.183-03 1.~t&-0( 4.1\1&-0& 1.&99-05 2.6F1-03 > 
7. ~ 00+06 1.065-04 7.919-01 4.430-05 2.26e-01 8.157-03 1.027-00 2.639-07 1.962-03 1.09S-07 5.6'9-04 2.021-05 2.5&5-03 Z 
e.nO~-06 1>.153-05 7.208-01 3.796-05 2.557-01 1.020-02 9. SlB-Ol 2.020-07 1.786-0:'> 9.40;-(18 6.335-04 2.527-05 2.Gt.~-03 0 
o.·'O£i+06 6.41.2-05 6.626-01 30320-05 2.819-01 1.216-02 9.5611-01 1.596-07 1.642-03 B.22&-O~ 6.9f5-04 3.013-05 2.371-03 

-f 
1.0eO+07 5.218-05 60139-01 2.Q/,9-05 3.057-01 1.403-01 9d37-01 1.293-07 10521-03 7.301-01< 7.514-04 3.476-05 2.313-03 0 
1,100'07 4.312-05 5.726-{)1 1.652-05 3.273-01 1.580-02 9.158-01 1.068-07 1.419-03 6.571-08 f5.11a-04 3.91~-05 7.21'9-03 -f 
1.200+07 3.623-05 5.370-01 2.~OQ-G5 3.&71-1)1 1.71,8-01 9.016-01 8.977-08 10331-03 5.969-06 8.6(0-04 1..331-°5 2.23&-03 ". 
11300+07 3.087-05 5.tl5<";-D1 ?207-05 3.655-01 10906-0, 8.965-01 7.649-08 1 .253-03 5.461-0;; 9.0~6-()4 4.722- 0 5 2.2"6-03 

,..... 
',4~~'07 2.662-05 1..786-01 2.036-05 3.826-01 2.057-01 1\.818-01 6 .596-0~ 1.18t-03 5.0.5-06 9.4~n-04 5.~97-C5 ? .1~5-03 > 
1,50{)+07 2.319-05 4.543-01 1.889-05 3.9P6-01 2.200-02 8. H9-01 5.746,08 1.126-03 4.681-03 9./?76-04 5.4~1-05 2.1t>P-03 -f 
1.600'07 2.038-05 &.327-01 1,762-05 4.136 -01 2.337-0, 8.697-01 5·050-01.' 1.072-03 40366-01.' 1.0?5-03 5.790-05 2.1<;'-03 0 
1.800+07 1.610-05 3.955-01 1.553-~S 4.411-01 2.591-0, 8.625-01 3.989-08 9.79·9-u4 3.~48-l)c 1.093-03 6.420 -05 2.1>7-03 ~ 
2.rOO+07 1.305-05 3.6&7-01 1.~89-05 4.657-01 2.823-0, 1l.587-01 3.233-08 9.036-r4 3.442-~E 1.154-03 6.995-U5 2.177-03 n 
2.200'07 1.078-05 30387-01 1.255-05 4.8811-01 3.037-0; 8.571-01 2.671-08 80392-0& 3.1 It-C!> 7.209-03 7.525-C5 2 .1~&-03 
2.4 COo 07 ".oS9-06 3.165-01 1.145-05 5.083-01 3.234-0, 8.572-01 2.245-08 7.842-04 2.n7-0E 1.25"-03 8.013-~5 ? .124-03 n 
2.600+07 7.719-06 2.972-01 1.053-05 5.26l?-01 3.417-02 8.532-01 1.913-08 7.364-04 2.60 0 -08 10305-03 8.£66-05 2.176-03 ::IV 

2.800·07 ~.655-06 2.804-01 9.7k6-06 5.A40-01 3.588-0, 8.663-01 1.61.9-08 6.9~7-C4 2·.&I~-lle 1·348-03 8.690-05 2.1'2-03 0 
~.cnr+07 ~.797-06 2.655-01 9.070-06 5.598-01 3.n7-02 8.628-01 1.436 -68 6.578-04 2.24i-OI' 1.387-03 9.;>81.-C5 2.131\-03 '" '" 4.000'07 3.261-06 2.110-lll 6.733-06 6.251-01 4.£ 16-02 &.633-01 8.680-09 5.228-04 1.66a-~8 10549-03 1.091.-04 2.1'?1-03 

'" 5.0~O+07 2.087-06 1.7/\ 1 -01 50353-06 6.740-01 4.934-02 8.991.-01 5.171-69 J. .363-04 1.3U-Of. 1.670-03 1.222-04 2.2~9-03 m 
6.000'07 1.4& 9-06 1.517-01 4.4&2-06 7.121<-01 5.352-02 9.180-01 3.590-09 3.759-04 1.101-08 1.7M-Oo 1.326-04 2.275-03 n 
8.000·07 8.152-07 1.197-01 3.314-06 7.712-01 5.995-02 9.509-01 2.020-09 2.966-0£ 1).211-09 10911-03 1.I.R5-04 ? .356-03 -f 

1.nOO·08 5.217-07 9.932-02 ?64 3-06 8 .130-01 6.473-02 9,771-01 1.293-09 2.461-~4 6.54~-09 ~.O H-03 1.6t4-0& 2.£;>1-03 0 
1.500+08 2.319-07 7.073-02 1.755-ct 8.803-01 7.281.-0;> 1.024+00 5.746-10 1.752-04 4 .34~-0<; 2.181-0~ 1.1l05-04 2 .537-0~ Z 

~ 2.rOC·OB 1.304-07 5.545-02 1.313-06 9.211-01 7.806-02 10055+ot 3.231-10 1.374-04 3.;>53-09 2.2 F2-03 1.934-04 ? .613-03 '" ... 3.DOO+08 5.797-08 3.931-02 ~.736-07 9.694-01 8.461-02 1.093+0e 1. I. 36 -1 0 9.71.0-05 2.165-09 2.&O?-03 2.r96-0& 2.709 -03 ~ 
:r 

~ 
4.)CO+OB 3.261-0~ 3.0 7 B-02 6.545-07 9.975-&1 8.866-02 1.117·0~ 8.080-11 7.62l'-05 1.622-0'1 7.472-03 2.197-0£ 2.767-03 0 
5.·}00'O8 2.087-08 2.S48-r2 5.233-07 1.016'00 9.UB-02 1.133' 0& 5.171-11 60313-05 1.297-09 ?.5H-tl:l 2.267-~4 2.~f\7-03 ::IV 

n 6.'00-08 1.449-08 2.182-02 4.359-07 1.030+00 9.35,-02 1.145+0( 3.590-11 5.406-05 1.01s0-0 9 2.5S'-0~ 2.318-0& ?838-03 
"CJ :r e.COO+08 8.152-,9 1.7U4-02 3.267-07 1.048+00 9.652-02 1.162+0( 2.020-11 l. .222-05 8.0o;.S-lC 2.S9r-03 2.391-04 2.878-03 .. ' ::z: 

~ 1e~OO'09 5.217-09 1.402-02 2.613-07 1,059'00 9.851-02 1.172+0C 1.293-11 30474-05 t.4lt.-1r 2.62.-03 2.1.41-04 2.90:'-03 0 
... 1.100·09 2.319-09 9.7°0-03 1.741-07 1.077.00 1.015-01 1.188+0C 5.746-12 2.426-05 4.314-10 2 .6ti3-0 3 2.51S-~4 2.9H-a3 .... 
~ 2.H'O+{J9 1.304-09 7.577-03 1.306-07 1.086+00 1.033-01 1.197+0t 3.231-1<, 1.877-05 3.236-10 2.691-03 2.559-r4 2.965-03 0 

3.~00.09 5.797-10 5.269-03 110703-08 1.096+00 1.052-01 1.206+00 10436-12 1.305-05 2.156-1(; 2.710-03 2.607-04 2.9IlS-03 Z 
fi' £.eOC+09 3.261~10 4.067-03 6.526-08 1.102·00 1.064-01 1.212+00 g.080-13 1.00P.-05 10617-10 2.7:!'O-O3 2.636-04 ~·.OO4-03 '" 
'! 5.00~.09 7 .0~7-1 0 3.325-0:-' 5.221-08 1.105+00 10071-01 1.215-00 5.171-13 8.238-06 1.29.-111 2 .pt-a 3 z .654-0& 30011-03 

6.~OO+09 1.4&9-10 2.P20-03 4.350-08 1.107+00 1.076-01 1.217->00 3.590-13 6.987-06 1.078-10 2.7£3-03 2.666-04 3.016-03 

< ~.IOO·09 €.152-1I 20172-03 3.263-0" 1.111+00 1.083-01 1.221+0C Z.02G-13 5.382-06 8.085-11 ~.7S3:-0:': ,.683-0£ 3.02"-03 

~ 1.~OO+10 5.217-11 1.774-C3 2.610-118 1.113+00 1.087-01 1.223+00 1.293-13 I. .395-C6 6.467-11 2.75t-0! 2.693-04 ~.03·-O3 

00 
T.~OO" 0 2.319-11 1.?26-03 1.740-08 1.ll5-00 1.093-01 1.226+00 5.746-14 3.038-06 &.311-11 2.763-0~ 2.70e-~4 3.J!6-03 . 2.tOO·'0 1.30&-11 9.42'-04 1.305-08 1.117.CO 1.096-01 1.228+00 3·231-14 2.335-06 3.233-11 ;>.766-03 2.716-r4 3.01.' -03 

Z 3.fOO·'0 5.797-12 6.499-04 8.699-09 1.118+00 100<)9-01 1.229+00 1.£36-14 10610-06 2.155-11 ?77~-O3 2.723-0& 3.01.1.-03 
!> &.(00" 0 3.261-12 &.989-0£ 6.524-09 1.1T9+00 1.102-01 1.230+00 8.080-15 1.236-06 1.616-11 2. 773-0 ~ 2.730-04 3.047-03 

!> 5.t~0·'0 2.087-12 4.063-0£ 5.2?0-09 1.120-00 1.103-()1 1.231-00 5.171-15 1.007-06 1.293-11 2./i'j-03 2.733-04 3.0f4 Q-03 

6.000+10 1.449-12 3.435-04 ~.350-09 1.120.00 1.104-01 1.231.00 3.590- 15 8.511-07 1.07~-ll 2.77~-(j3 2.735-04 1.049-03 

~ lI.rOO+10 P.152-13 2 .6~1. -04 3.262-09 1.120+00 1.105-0T 1.231.00 ;> .020-' 5 6.526-07 t.082-12 2.77~-1I3 2 .73b-~4 3.04Q-0! 0 ... 1.000"1 ~.217-13 2.143-04 ?610-0<;O '012
'
.00 1.105-01 1.232-00 1.293-'5 5.3TO-07 6.467-12 2.77i'-O! 2.738-04 3.052-03 .." 

0 
.." 



!- TAllU; o. Cross sections and mrulS at,tenuaiion coefficients for t,he individtlal and t.otal photon atom inte,aet,ion processes, 1 MeV to 100 GeV, 0 
." Z = 1 t,o 10(}-Continued 

Ut ... 0-
';l 
-n 13, Al, ALUMINUM ATOMIC liT. ~ <'6.98154 M SO IKt .002731~1 BAHNS/AIUM MULTIPLY MSO/KG BY 10 FOR CMSOfG 
:r .. 
EI PA IR PRotHeT ION pA IR PRoDur T ION 

S(ATTERIN(; SO HE RING 

'" PHOTON PHOTO- NUCLEAP HEC TRO~ TOTAL PHOTO- NUCEAR ELECTRON TOTAL 
~ PHPI;Y rOH~RE-NT INCOHER. ELECTR Ie FIE L(l rTE LD COHERE~T INCOHER. ElECT RIC fiELD FIELD 

g 

" EV A I ATOM 8 fA TOM P/ATOH BfA TO M p B IA TOM B/HO~ "SO /~G HSO/KG M~O/!(G MSfrIKf, MSO I Kr H5f)/KG 

< 1.000-06 6.&43-03 2.746'00 1.166-03 0.000 0.000 2.754 -00 1.438-0S 6.1<,9-03 2.602-06 o.otn 0.000 6.1t.6-V3 

~ 1.027'06 6.169-03 2.717-00 1.11S-V3 0.0(\0 0.000 2.724-00 10377-05 6.064-03 <,.489-06 0.000 0.000 6.00 "-03 
1.250-06 401<'S-03 2.456.00 7.562-04 1.40&-03 0.000 2.462-00 9.207-06 S .482-03 1.68~-06 3.134-06 0.000 5.491'-03 

!' 1.500'06 2.865-03 2.232+00 S.476-04 7.652-03 0.000 2.243-00 6.394-06 4.982-03 1.<'22-06 107<8-05 0.000 5.006-03 

Z ;> .000+06 1.612-03 1.905·00 3.420-04 3.023-02 0.000 1.937_CO 3.59P-06 4.25<'-03 7.631-07 6.7H-05 0.(\00 40324-03 

!' ,.044+06 1.543-03 1.882+00 3.301-C4 3.258-02 0.000 1.916+0D 3.444-66 4.200-03 7.~81-07 7.272-05 0.000 4.277-03 

.,. 3.000+06 7.166-04 1.499.00 1.892- 04 8.595-02 5.245-04 1.586+0D 1.599-06 3.346-03 4.22l-01 1091R-04 1.171-r6 3.541-03 

- 4.000-06 4.031-04 1.250+00 1.291-04 1.390-01 2.H2-0~ 1.392"'O~ B. 997-0 1 2.7°0-03 2./18t-07 ,.102-04 4.7S1-V6 3.106-03 

~ 5.0 ()('O6 2.580-04 1.0~0.00 9.746-05 1.861-01 4.267-03 10271 +O') 5 ,75~ -07 2.410-03 2.17\-07 4.154-04 9.524-06 2.836-fl3 

'" 6.00e-06 1.792-04 9.545-01 7.812-05 2.284-01 6.554-03 1.190+00 4.000-07 2.130-03 1.74l-07 5.098-04 1.463-05 2.655-03 
0 7.UOO·V6 1.316-04 bo579-01 6.511-05 2.660-01 8.836-03 1.133+00 2.937-07 1.'115-03 1.453-07 5.937-04 1.<;72-05 7.52<;'-03 

P.: 00.06 1.008-04 7.808-{)1 5.577-05 2.999-01 10105-02 1.092·00 2.250-07 1.7&3-03 1.241-07 6.6%-04 2.466-05 2.437-03 
'1.100'06 7.963-05 7.17B-Ol 4.876-05 30305 -01 10318-02 1.062·00 1.777-07 1.602-03 1.0H-07 7.3 7 6-04 2.91.2-05 2.369-03 :::t: 
1.)00+07 6.450-05 6.650-01 4.330-05 3.584-01 1.520-02 1.039+OC 1.440-07 1.484-03 9.661-08 7.99Q-04 3.393-05 ?31o-03 C 

a:r 
10100.07 S.331-05 60203-01 3.~94-05 3.837-01 1.712-02 1.021 +00 1.190-07 10384-03 8.691-08 8.564-04 3.821-05 ~.279-03 a:r 
1.?OO-O7 4.&79-05 5.817-01 3.537-0S 4.069-01 1.893-02 1.008-0( 9.997-08 1.291l-(i3 7.R94-~R o.OB?-04 4.22S-05 2.2&'1-03 m 
1.100+07 3.817-05 5.480-01 3.239-05 4.lP4-01 2.065-02 9.'i71-01 8.519-08 1.223-03 7.229-08 9.56?-04 4.609-05 2.27:;-03 

.... 
1 .. 00_07 3.291-05 5.185-01 2.9"8-0~ 4.484-01 2 .228-02 9.892- 0 1 7.34 S -oe 1.157-03 6.669-08 1.001-03 4.973-rs 2.208-03 

~ 

1.\00+07 2.867-05 ~.n2-~1 1.772-05 4.672-01 2.383-02 9.833-01 6.399-08 1.090 -0"?' 6.11'7-0il 1.00-03 ~.319-0S 2.195-03 a 
1 .6QO-O 7 2.S20-05 4.61l7-()1 ?5P6-05 ~.847-01 ~.531-02 9.7RB-Ol 5.62k-08 1.046-03 5.772-08 1.08,-03 S.649-05 2.185-P3 i 
1.fOO-07 1090 1-05 4.2~&-01 '.279-05 5.169-01 a .806-02 9.734-01 I. .444-08 9.562-0k 5.087-0£ 1.11)';-0 :'" 6.263-05 ?17~-03 

?!OO+07 1.613-05 3.951-01 2.037-C5 5.457-01 3.0S7-02 9.7H-Ol 3.600-)8 8.1'18-G4 4 .546-0~ 1.218-03 6.~23-o5 2.H'p-O' ~ 
2.200.07 10333-0S 3.669-01 1.841-05 5.717-01 3.nB-02 9.715-01 2.97 5 -~B 8.189-04 4.109-0b i .27i-O~ 70339-0S 2.168-03 
2.l00-07 1.1<'0-OS 3.429-01 1.680-05 5.954-01 3.501-02 9.733-01 2.500-)B 7.653-Ck 3.7S0-0f 1.3?~-l)3. 7.814-0S 2.172-03 l> 
7. .600-0 7 9.541-06 3.2?0-Pl 1.5&4-05 6.171-01 3.699-02 9.761-01 2.129-)8 7.187-04 3.446-01; 1.377'-0::- 8.256-0S 2.179-03 Z 
2.[00+07 8.227-06 3.037-lil 1.429-05 6.371-01 3.883-02 9.797-01 1.836-)8 6.778-G4 3.189-01' 1.4<1-03 8.667-05 2.186-03 0 
3.'-00-07 7.167-06 2.876-01 1.330-05 6.556-01 4.056-02 9.838-01 1.601)--l8 6.41'1-04 2.968-08 1.46,-03 9.053-0S 2.196-03 

-S 
4.CGO+07 4.031-06 2.285-01 9.870-06 7.321-01 4.778-02 1.008-00 8.997-,)9 5.100-04 2.203-0f 1.63.-03 1.r66-04 7.25 1-63 

5.~OO+O7 2.580-06 1.'108-01 t .846-06 7.891-01 5.337-02 1.033+00 5.758-09 4.258-04 107S1-08 1.76" -0, 1.1'>'1-04 20306-03 < m 
6.000-07 1.792-06 1.644-01 ~.51'-!l6 8.342-01 5.788-02 1.056+00 4.~OO-.9 3.669-04 1.453-08 1.86i-0 3 10292-~4 2.35~-03 :ou 
8.000+07 1.008-06 1.296-01 \.1'57-0~ 9.019-01 6.479-0<, 1.096+00 2.250-~9 2.893-04 1.01'4-0b 2.013-03 1.446-r4 2.447-03 a:r 
1.000.08 6.449-07 1.076-01 10873-06 9.503-~1 6.'i93-02 1.128-00 1.439-(9 2.402-04 8.644-0Q ? .1<1-03 10561-04 2.517-03 0-
1.500'08 2 .8M-0 7 7.61'02-02 ?571-0t 1.02S+00 ,..R64-02 1.183+00 6.397-~O 1.710-04 5.738-09 2 .294-0 ~ 1.755-04 2.64'-0~ 

2.000+08 1.612-07 6.00B-I)? 1.924-06 1.07('+UO 8.426-02 1.220'00 3.598-10 1.341-04 4.294-09 2.402-03 1.881-04 2.724-03 
3.000-0R 7.166-08 4 .25~-O2 1.280-06 1.132+0C 9.134-02 1.266-00 10599-10 9.503-05 2·8~7-09 2.527-03 2.039-04 2.~?~-O3 

4.000'08 4.031-08 3.335-02 9.590-07 1.165·00 9.572-02 1.294+00 8.997-11 7.H3-05 20140-0~ 2.600-03 2.136-04 2.8~8-03 

5.000_08 2.530-08 2.7-61-02 1.667-07 1.187+00 9.878-02 1.313+00 5.758-11 6.162-05 1.711-09 2.649-03 2.20S-04 2.9~1-03 

6.HO+08 1.791-0~ 2.364 -02 6.386-07 1.202-00 1.011-01 1.327·00 3.997-11 S.276-0S 1.425-09 2.683-,13 2.256-C& 2.91,1-03 
e .000+08 1.008-08 I.P46-02 1.787-07 1.223-00 1.043-01 1.346+00 2.250-11 4.120-65 1.06~-OQ ?73C-03 20328-0& ~.G04-03 

1.0l0.09 6.&&9-09 10519-02 3.828-07 1.237-00 1.064-01 1.359+00 1.439-11 3.3"0-05 8.544-10 2.761-03 2037S-04 3.03?-{l~ 

1.510-09 2.866-09 10061-07 i.551-07 1.257.00 1.C97-01 1.377.00 6.397-12 2.368-05 5.694-1C 2.806-03 2.&48-04 3.074-03 
2.0,}0+09 1.612-09 8.209-03 1.913-07 1.268'00 10116-01 1.388.00 3.598 -12 f .832-05 4.270-TC 2.8;<0-03 2.491-04 3.0<'7-03 

3.0 ')0+0 9 7.166-10 5.708-03 1.275-07 1.280+00 1.137-01 1.399-00 t. 599- 12 1.27&-05 2.846-TO 2.857-03 2.538-04 ~.1:''l-03 

4.0tO.09 4.031-10 4.406-03 9. S62-08 1.287+00 1.149-01 1.406.00 8.9'17-13 9.834 -06 2.134-H 2.872-03 2.564 -04 3.139-03 

5.0G~-C9 2.580-10 3.602-03 7.649-08 1.291-CO 1.157-01 1.410.00 ~.7S8-13 8.039-06 1.707-1C 2.8F1-03 2.582-04 30148-03 
6.010_09 1.791-10 3.055-03 60374-01} 1.29&+00 1.162-01 1.413+00 3.997-13 6.a1R-lI6 1.423-lC 2.888-03 2.59~-04 3.154-03 

8.aOO-09 1.008-10 2.353-03 4.780-08 1.297.00 1.169-01 1.416-00 2.250-15 5.252-06 1.067-lG 2.895-03 2.(,0"-04 ,.161-03 

10010.10 6.4&9-11 1.921-03 3.824-08 t0300.00 1.174-01 1.419_00 1.439-1! 4.288-06 t' .535-11 7.90 1-03 2.620-04 3.161'-0' 
';5rO+l0 2.866-11 10328-03 2.549-0f - 0303.00 1.180-01 1.422-00 6.397-1~ 2.96&-06 5.68~-11 2.90P--03 2.634-04 3.175-03 

2.0rO-l0 1.612-11 1.021-03 1.912-01: ".305+00 1.1~4-01 1.424.00 3.598-1, 2.279-06 4.267-11 2.913-03 2.643-04 3.179-03 
3.0r.0.l0 7.166-12 7.041-0& 10275-08 " .306·00 1.188-01 1.426+00 1.599-1. 1.571-06 2.81.6-11 2.915-03 2.652-04 3.1~~-o3 

4.0CO.l0 4.031-12 5.405-0& 9.5S9-09 '.301+00 t .190-01 1.427'00 8.Q97-1l 1.206-06 ;>.133-11 2.'117-03 2.656-04 3.1P4-03 

5.000-10 2.S80-12 4.402-04 7.647-09 1.308·00 10191-01 1.428-00 S.758-1I 9.1'25-07 1.707-11 2.919-0~ 2.658-04 30186-03 
6.000+10 1.791-12 3.7"-04 6.373-09 1.308.00 1.192-01 1.428+00 3.997-15 8.305-~7 1.422-11 2.919-03 2.660-04 3.186-03 

8.000-10 1.00R-12 2.853-0/, 4.779-09 1.309'00 1.193-01 1.4?9+00 2.250-1~ 6.368-07 1.067-11 <.922-03 2.663-r4 3.1P8-03 

1.000'11 6.1,1,0-; 3 20321-01, 3.R23-09 1.30°_00 1.194-01 1.&29.00 f.439-1~ 50180-07 8.533-12 2.922-03 2.665-0& ~.189-03 



TABLE 6. Crosssectione and massitttenuatiort Ci:ieffi~ienta fotthe Irlt'ltvtdti,1II. and total photon atom D:tteractionP~l MeV to 100 GeT~ 
Z= 1 to lO()-:",C6ntihued' ", " ., , 

11., SI, sillco'" ATOMIC liT. '" 28.0855 !!SO/KG' '" .0021'418 BAR"s/~TOM "~~~~~L1 M~O/KG '~y ~.'FOR c~~d/~ 

PA iR PRODUCTION PHI! PRODutnoll 
SCATTE~tNG SCATTER INC 

PHIlTON PHOTO- NUCLEAR ElECTRO~ TOTAL PHOIO- NIlCLEAR ELECTRON TO,TAL 
, ENERG Y COHERENT '!NCOHF:R' EL~CTlnc nElD FlHO COHERE,NT INCOIIER. ,ELECTRIC FI ELD ' FJELD, 

EY' BIATOH ~/ATOH BIATOH B/ATO!! BIA tOM e/ATOH HSO/KG HSO/KG HSO/KG ' HSOfkG 'HSO/KG HSO/KG 

1.000+06 7.&37-03 2.957+00 1.673-03 a.coo (10000 ,2.967+00 1.680-05 6.:540-03 3.58'1"'06 o. 0 ri~ 0.000 6.361~03 ;: 
1.022+06 7.504-13 2.926+00 1.601-03 0.000 0.000 2.935+0. 1.609-05 6.274-03 3.433-00 o.OO~' 0.000 6.293-03 ii, 1.250+06 5.018-03 2.645+00 1.0~5-03 1~642-03 0.000 2,653+0' 1'076-05 5.671-03' 2.326-06 3.521-06 0.000 5.688-03' 
1.500+06 '3.1.86-03 2.40H/JO 7.853-04 8~917-03 0.000 2.417.00 104 75~O6 5 "55-03 1.684-06 1o~H:"OS 0.(100 5.1~3-03 -f 
2.000+06 1.961-03 2.0,52+00 4.89,i};;1lI. 3.513-02 b.ooo, ?fi90+00 4.205-~6 I. .400-03 1.0S0-0t' 7,5:0:3-05 0.000 '4 ;48n-b.3 >;:! 
2.01.4+06 1.818~03 Z.027+00 4.736-04 3.7R6-02 0.000 2.067+00 4.027-06 I. .346-03 1.015-06 8.115-05 o .00c, 4.':<~-O3 ,'1:1 
3.000+()6 8.718-04 1.61&+00 2.10<'-04 9.978-02 >.649-04 1.715+/1. 1.869-06 3.461-03 5.800-07 2.139-04 10211-06 3.678-03 .... 
4'000+06 4.904-04 1.34?+00 1.843-04 10612-01 Z.306-03 10511+0. 1iOS2-06 20888-03 3.952-01 3.455-04 4.944-06 3.2H-03 III 

-f 
50000:,,06 3.13"-01. 1.163+06 1.391-01. 2,.1S9-D1 4.595-03 1.384'1-00 6.731-07 20491.-03 2.·9P3-1J7 4.629-01. 9.853-06 2.961-03 -
6.000+06 2.180-04 1.028+00 1.114-04 2.648-01 7.058-'-03 1,300+0' 4.674-07 20204-03 '2'38~-O7 5.67S-04 10513-05 2'7R8-,!!3 )10 
7.000+06 1.602-04 9.240:'01 9.283-05 3.083-01 9~516-03 1.2~2+00 3.435-0~ 10981-03 1.99/1:"07 6.611-04 2 itOI.C-05 ? .66~-03 Z 
e./J 00+06 1.226-04 8.409-01 7.950-05 3.475-01 1.190-62 10 201+00 2.629-07 1.803-03 10765-07 7.4SI M 04 2.552-05 2.574,-03 " 9.000+06 9.668-05 7.730-01 6.948-05 3.630:"01 1i419~02 10 170+00 2.077-01 1.657-03 h490-07 8,21 ?-oi. 3.043-05 2; Soo-03 

-f 
1.000H17 7.848-05 7.,62-01 6.169:'05 ' 4.153-01 1.637-02 1.148+0. 1.683-07 t.S:!'6-"03 1.323-07 8.90;'-04 3.510-05 2 ;'462':03 0 
1010'0.07 6.481-,OS 6.,680-01 5.5~6-05 ,.445~oi 1.843-02 1.131+0. 10391-07 'it432'-03 i~1B9~07 9.531,..04 3.952.,.05 201.25-03 -f 
1.200+07 5.450-0S 6.265-01 5.037-05 4.?14-61 2.038,..02 1.118:'00 10169-07 1.343-03 1 ~080-07 1.011-03 4.370-05 2.39S~03 )10' 

1.:iOO'O 7 & .644-05 5.902-01 i..612-05 1..963-01 <1.223-02 1.109+6& 9.958-08 1.265-63 9~889-()e l~ii64-0~ 4.,767-rs 2.378-03 P'" 

1.'0'0+07 4.004-05 5.si13-01 4.254-05 S.191.-()1 2.399-02 1.'02+0~ 8.585'-08 1.197-03' 9.121 M Ot\ 1.11l-0:< 5.14-4-05 2.362-03 )10 
1.;C0·07 :3 .488-05 5.30,' -01 3.941-05 5.411-01 2.566~02 1'097+0C 7.419-08 ,.137-'-03 8.463-0£ 1.1 M-03 5.502-05 2.~52-0~ -f 
1.~OO+07 3.065-05 5.048-01 3.681-05 5.611.-01 2.725-02 1.094+0~ 6.S72-08 1.082-03 7.893-08 1020:'-03 5.843~05 2.3H":03 0 
1.BOO+07 2.422-05 4.614-01 3.243-05 50966-01 3'.020-02 1.090+00 50193-08 9.893-04 6.954-08 1028.-03 6.415-05 ? 3~P-03' ~ 
;>.~00+07 1.962-05 ;'.255-01 2.899-05 6.318-01 3.290-02 1.D90+0( 4.207-08 9.1;>3-04 6.216-08 1.355-0"" 7.051.-~5 2.3:<8-03 
2.200 .. 07 1.621-05 3.952':01 2.6211-05 6.619-01 3.539-02 1.093~1)( 30476-08 8'474~04 5.618-0£ 1.4H":03 7.588-05 2 .343-03 n 
2.~OO+07 1.362-05 3.693'~01 2.390~05 6.8'13-01 3.768-02 1.096+00 2.920-08 7.918-04 5.125-01> 1.1. n-03 8.079-05 2.351-03 n 
2.500.07 1.161-05 30468~oi ~.197~O5 7.1A4~01 3.9P1-02 10 161+ ot ... 489-D8 7.436-04 4.711-08 I.S3?-03 8.536-05 2.3(,1-03 )10 

2 •• 00+07 1.001'-05 3.271-{\1 2.033'-05 7.375~O1 40179-02 1.106+0~ 2.146-08 7.01&-04 &.359-08 1.581-03 1'.961-~5 2.372-03 0 
3.o)iIO+07 8.719-06 3.097-01 1.892-05 7.589-01 " .364~02 10112+0t 1.870-0f; 6.641-04 4.057-06 1.627-03 9.357-05 2.38cO~ tn' 

tn 
4.~oO+1l7 4i905-01 2~461-01 1.&04-05 !!.t.72~01 5.140~O2 HH5-0C 1.052-08 5.277-04 3.011)-08, 1.817-03' 10102-04 2.454,-03 
5~~OO+O7 :'! .139-06 2.055-01 1.116"-05 9.133~O1 5.739-02 h176+0( 6.731-09 4.406-04 2.393-0e 1.95,-1l3 10231'-04 2.S2~-03 tn 

6.HO+07 i.180-06 1.770-'01 9.258-06 9.652-01 6.222~02 1.204+0G " .674-09 3.795-04 1.985-08 ... on-,03 1.3:>:4,.r.4 2.583-ln 
m n 

8.~OO.07 1.226-06 1.396-01 6.906-06 1.043+00 6.961-02 1.252+00 2.629"-)9 20993-04 10481~O6 2.236-03 1.493~04 2 ~6R~-03 ..-4 

1.600+08 7.847-07 10159-0t 5 ~507-06 1~O98.00 7.511-02 1.289+00 1.683-~9 2.485-04 1.181~O8 2.3Si.-03 H610~O,4 2.764-03 6 ... 10500+08 3.487-0,7 a ;'252-02 3.655-06 10188+00 8.44 3"'02 1.355+ 00 7.4n-IO 1.769-(/4 7.837-09 2. 54 7';0~ 1.S'1 0~C4 2.905-03 Z 
2_'00+08 1.962-0i' 6.t.70:"02 2.135-06 1.242+00 9.045-02 1.397+0C 4.2,07-10 1'0387-04 5.864-09 2,.663-03 1.939-0' 2 '.9'16-03 U'I 

~ 3.100+08 R.71S-08 4.586-02 1.820-06 1.307+00 9.805-02 1.451+0~ 1.869-10 9.833-05 3 .902~0 9 2.802-03 2,,102-04 3.111-03 ." 
~ 4."00+08 i. .904 ~O8 3.591-02 1.363-06 1.345'>00 1~027-01 1.484~OO 1.052-10 1.700-0S ... 923-09 2.8I'A-03 2.2()2-P4 3.1P1 -03 0 

5.;~0·08 3.139-08 2.913;..02 1.090'-06 1.370+CO 1.060~01 1.506+00 6.731-11 6.375-05 z.337.-0S 2'.938-0 ~ 2.21.3-"4 3'2~o-Q3 ')10 

n 6.100+08 2.180-08 2.545:"02 9.018-07 1.388+00 1.085-0,1 1.52U,I/O 4 .6'7 4~11 5.457-05 1.946-,09 2.976-03 2.-326.,.04 :3 .263-03 ,... 
• 8.IOO+()8 1.226-08 1.988~02 6.805-07 1'i413+00 1.11<'-01 1.545'<00 2.629-11 4 ;,263-()5 1.1.59-09 3.031-03 2'o39S-04 ~.312-03 "V 

~ 1.'00+09 7.847-89 1.6361..02 5.442-07 1.429+00 1.142-01 10560+00 10683-11 31508-05 1.161-09 3.06.-03 21449,-04 3.34&-03 X 

,.. 1.500+'09 3~487"09 1.142-02 3.626-07 1.452+00 1.171-01 1.581+00 1.477-12 2.449-05 '70 775-1Q 3.11;-03 2'0524,-04 3.30:>0-03 9 
!l- e .'00+0 9 1 .962~O9 8.840-/)3 2.719·07 1.461.+00 10 197-01 1>593+00 4.207-12 1'0895-05 5.830-10 3.139-03 2.567-04 3.1.1~-03 0 
1:1 

3. tCO+09 8.718-10 6.147-03 1.812-07 10478+00 1.219-01 1.606+00 1.869-12 1.318-05 T.885-10 3.16~-03 2.(,14-04 3.444-,03 Z 

J 4.~00+09 4.904-10 4.745-03 1.359-07 1.486+00 1.!132-01 1.61&+00 1.052-12 1.017-05 2.914-1 P 3.11'6-03 2.642-04 3.461-b3 tn 

S.GOO+09 3.139-10 3.879-/),3 1.087-07 1.490HO 10 24 0-01 1.618+00 6.731-13 8it'317-06 ,,>331-10 3.195-03 2.65<;-04 3.1.69-03 

~ 
6.GOO+09 2.180-10 30290-'03 9.060-08 1..491.+00 1.246-()1 10622+00 4.674-13 70054-06 1.91.3-10 3.2~3-03 20672-04 3.418-03 
8.&00·09 1.226-10 2.534-03 6.795-08 1.498+00 ,10253~O,1 1.626+00 2.629-13 5.433-06 1.4'57-1C 3.21-2"'03 2.687-04 3.4R6,-03 
1.'00,+10 7.R47,..H 2.069"03 5.436-08 '1.501+00 1.258-01 1.629+00 1.683-13 4.436-06 1.166,.1() 3.21&;"03 2.697-'04 3.493~O3 

:.0 1.~OO+10 3.487-11 , .4:S0'-03 3.624-08 10504+00 '1.265-01 1.632+60 1.477-14, 3,.066-06 7.711-11 3.225-03 ,2.'712-04 ~.1.9Q~03 

Z i.too+10 1.CJ62~11 f .099-03 2. 7,18~08 1.506+00 ' 1.268'-01 1.634+00 4.207-14 2.356-06 ;.828-11 3.2;'>~-03 '2,.719'-04 3.50:0:-03 

0 :-:.C,OO+10 e,.718-12 7.582-04 1.812.-08 1.509+00 1.272-01 1.637+00 f .869-'14 '1.6:!6:'06 3.885-11 3~236-0:3 ,2.721-04 3.5
'

0:"03, 
I..GOO·,0 4.904-12 5.821~0' 1'~5~:"OI! 1.510+00 h?1,,-o'l 10638+1)0 1.1152-14 1'.2411-0,6 ,2.914-1-1, 3.:!3~;..O3 2.,13,4-04 3.512"03 

.-- 5.(00+10 '3.139-12 4.7i.~~~4, 1.087-08 1.510,+,00 1.276-01 1.638+00 6.731-15 1 ~O16-06 2.331-11 ,3.2~h03 2~736:"0t. 3. S1~:-03, 

; t "~OO.' 0 2,.180-12 4.007-04 9.05,8-09 1.511+00 1.277-01 1.(>'39+00 4'0614-15 8.592-07 1.942-11 3.2U-03 2. Be-04 3.515-'03, -8 .~OO+1 0 10226-12 3~O12';'O4 6.';94-09 1.511+00 1.218~O1 1.639 .. 00 2.629-(5 6.587-07 1.457-11 3.24~-O 3 2.740-04 3.51'5:"03 ' 0 
~. 1.rOO+11 7.81.7-13' 2.SO,O"'6t 5~43S;;'1I9 f~~12"OO' 1.219-0~ 1.640.00 '10683-15, 5,.360,,0710165-1.1 3.242'-03 2.7A2-01. 3.51,7 .. 03 en, 

..... 



~ TA1HE 6. Cross sect,ions and mass at,t.enuat,ion coefficients for the hdividual &nd total photon aton int.eract,ion processes, 1 MeV to 100 GeV, -' 
0 ... 

:r Z=1 to 100--Continued UI 

~ 
co 

n 15, I' • PHOSPHORUS ATOHTC UTe = :r 30.97376 HSO/KG .OD194424 BARNS/ATOH MULTIPLY "SO/KG BY 10 FOR C~~O/G 

0 

~ PAtR PROOUClIO» P~ IR PROOUC1l0» .. SCA TT ER 1 NG SCATTER TNG 

~ PHOTON PHOTO- NUCLEAR EL EC TRON TOTAL P«OTO- NUClEAt ELECTRON TOTAl 

ENERGY CO~ERE NT TNCOHER • fLECTR Ie F !ELD fIElD CCHERE'" HICOI1ER. ,ELECTIlIC r JElO flHO 
0 
D 

:1 EV BiATOH B/ATOH B/ATO~ BIATO" ilIA 10M B/ATOH HSOIKG .. SO/KG MSO/KG MSIl/KG "SO/KG HSO/KG 

< 1.000+06 9.l09-03 3.168+00 2.3311-~3 o .oc 0 0.000 3.180+00 1.829-05 6.159-1n 4.546-116 O.O!H 0.000 6.1~2-03 

it 1.022+06 9.~ 09-0 3 3.135+00 2.237-03 0.000 0.000 3.146+00 1.752-05 6.095-01 4.349-06 ;).001 0.000 6.117-03 

.0 1.?5n+06 6 .,,!5-03 2 .• 833+00 1.516-03 1.903-03 0.000 2.842+00 1.171-(15 5.5J8-01 2.947-06 3.700-06 0./)00 5.5~6-03 

Z 
1.500+06 4.185-03 2.576+00 1.097-03 1.029-02 ~ .000 2.592+00 8.137-06 5.008-03 " .133-06 ;>.001-05 0.000 5.039-03 

".000+C6 2.355-03 2.198+00 6.837-04 4.044-02 0.000 2.241*00 4.579-06 4.273-0J 1.32S-0t: 7.863-15 0.000 4.358-03 
l' 2.044*06 2.155-03 2,]71+00 6.609-04 4.358-0? o .O~ 0 2.217+00 4.38£-06 4.221-03 1.21<5-06 f.£73-tS 0.000 4.311-03 

!' 3.00C-06 1.t47-03 1.730+00 3.769-0£ 1.14 7 -~ 1 6.1152-04 hIH7.\l0 2.036-1\6 3.364-r,:; 7.328-\)7 2.23'l-U 1.177-rb 3.59"-03 

~ 
4.GOO+06 5.!89-04 1.443+00 2.566-010 1.852-01 2.471-03 1.632*IlC 1.145-06 2.806-03 4.989-07 3.601-44 4./104-e6 3.172-03 

.. 5.000+06 3.769-04 10246+00 1.934-04 2.478-01 " .924-03 1.499'00 7.328-07 2.423-113 30 760 -07 4.81l!-U 9.573-06 2.91~-03 

0 e..o 00+06 2.tH-04 1.101'00 1.54'1-04 3.039-01 7.562-03 1.413+00 5.C8S-1l7 2.141-01 3.012-07 5.909-04 1.470-~5 2.747-03 
7.nOO+06 1.~23-04 9.899-01 1.290-04 3.S37-01 1.019-02 1.354+0C 3.739-07 1.9;>5-03 ;>.501l-0, 6.877-34 1.981-05 2.633-03 

P.00O+06 1.L72-04 9.009-01 1.104-04 3.987-01 1.275-02 1.313+00 ;>.862-07 1.752-03 2.146-0r 7. 7O~-U 2.479-05 2.5S?-03 ::J: 
9.000+06 1.163-04 8.282-01 <;.649-05 4.394-01 1.520-02 1.283+00 2.261-07 1.610-03 1.8 76-~7 8.543-04 2.955-05 2.4 Q4-03 c: 
1.000*07 9 •• 23-05 7.673-01 8.565-05 4.763-01 1.753-02 1.261+00 10832-07 1.492-0, 1.665-07 9. 26 a-~4 3.4011-05 2.452-03 0:1 
1.100+07 7.788-~5 7.157-01 7.699-05 5.098-01 1.974-02 1.245+00 1.514-07 1.:91-03 1.497-07 9.912-1}4 3.838-05 2.421-C3 0:1 

1.200*07 6.1&4-05 6.712-01 6.990-05 5.405-01 2.183-02 1.234+00 1.272-07 1.305-03 1.359-07 10051-0' 4.244-05 2 •. 399-03 m ... 
1.31)0+07 5.H6-0S 6.323-01 6.401-05 5.690-01 2.361-02 1.225+00 1.0S4-07 1.229-1); 1.24,-07 1.H6-~3 4.629-05 ?3?~-O3 r 
1.400*07 4.308-05 5.982-01 5.902-05 5.955-01 2.569-02 1.219+00 9.348-08 1.163-03 loU7-07 1.158-E 4.9<;5-05 2.3 7 1-1)3 

1.5CO+07 4.' 88-05 5.679-01 5.476-05 6.203-01 2.748-02 1.216+00 8.1&2-01' 1.104-03 1.065-0i' 1.206-.3 ~.3B-05 2.3t4-03 G) 

,.600+07 3.H,l-05 5.408-01 5.106-05 6.435-01 2.918-()2 1.214+00 7.157-08 1.051-03 9.927-as 1.251-.3 5.673-a5 ~.359-()3 i 
, .800+07 2 .~08-05 4.9&3-01 4.499~05 6.861-01 3.234-02 1.213*00 5.654-0B 9.610-0. 8.747-08 1.334-n 6.288-05 ? 0358-03 

;>.OO~+07 2.356-05 4.558-01 4.020-05 7.242-01 3.523-02 1.215+00 4.581-08 8.862-0. 7.~16-08 1040/1-03 6.850-~5 7.363-03 ~ 
7.200+ 0 7 1.947-05 4.234-01 3.634-05 7.586-01 3.789-02 1.2l0+au 3.785-08 8.232-0' 7.065-08 1.475-03 70367-05 2.3 7 2-03 

2.400'07 1.636-05 3.956-01 3.314-05 7.899-01 4.034-02 1.226*00 3.181-08 7.691-0. 6.443-0(, 1.536-03 7.843-"5 2.3~3-03 » 
2.600+07 10394-05 3.715-01 3.047-05 8.1e6-01 4.262-02 1.233+00 2.710-08 7.223-0. 5.924-08 1.592-43 8.286-05 2 .397-0~ Z 
2.~OO+07 1.~O2-05 3.505-01 2.819-05 8.450-01 4.474-02 1.240+00 2.337-08 6.815-0. 5.481-08 1.643-03 2.69~-OS ;>.411-03 C 

3.000'07 1.147-05 3.318-01 2.623~05 8.694 -01 4.672-02 1.248+00 2.036-~8 6.451-0. 5.HO-08 1.690-n 9.0b3-CS 2.476-03 & 
4.00C+07 5.! 89-06 2.637-01 1.946-05 9.705-01 5.500-02 1.289+00 10145-08 5.127-1!! 3.7~~-08 1.887-03 1.069-Q4 ? .507-03 < 
5.000.0 7 3.169 -06 2.201-01 1.547-05 1.046'00 6.140-02 1.328+00 7.328-n9 4.279-0. 3.008-08 2.034-B 1.194-04 2 .581-0~ m 
6.1'00+07 2.617-06 1.897-01 1.2a3~05 1.105+00 6.654-02 1.361+00 5.088-09 3.688-0 i 2.494-08 2.148-03 1.294-"4 2.647-03 :=g 

8.GOO+07 1.472-06 1.496-01 9.570~06 1.193+00 7.443-02 1.417+00 2.862-09 2.909-114 1.861-08 2.319-E 1.447-04 2.755-03 0:1 

1.001H08 9 •• 22-07 1.242-01 7.631-06 1.256.00 8.028-02 1.460+00 1.832 -0<'; 2.415-04 1.484-08 2.442-0 ;t 1.561-C4 2.840-03 & 

1.500+08 4.181\-07 8.841-02 5.065-06 1.358.00 9.021-02 1.537·00 ';'142-10 10 719-(10 9.848-0<,. ? .1>40-t! 10754-04 2.9R8-03 

;>.COO+08 2 .J5 5-07 6.932-02 3.790-06 1.420+00 9.662-02 1.586+00 4.579-10 1.348-04 7.369-09 2.761-.3 1.879-04 3.08:'-03 

3.000+08 1.U 7-07 4.913-02 2.521-06 1.494+00 1.047-01 1.648+ 00 2.B6-10 9.552-05 4.901-09 2.9C5-t3 2.036-04 3.2r4-03 

4.000+08 5.8119-08 3.848-02 1.889-06 1.538+00 1.097-01 1.686+00 1.145-10 7.~B1-05 3.673-09 'l.990-0'! 2.133-04 3.278-03' 

5.000+0B 3. !69-08 3.185-02 1.510-06 1.566+00 1.131-01 1.711'00 7.328-11 6.192-05 2.936-09 ~.0~5-13 2.199-04 3.3?7-03 

;'..000+08 2.617-0e 2.727-02 1.258-06 1.587+00 10157-01 1.730+00 5.088 -11 5.302-05 2.&46-09 3.()86-0~ 2.249-04 3.363-03 

8.000.08 1 •• 72-08 2.130-02 9.427-07 1.615+00 1.193-01 1.756'00 2.862-11 4.141-05 1.eD-OS 3.140-13 2.319-04 ~.4n-03 

1.00C·0, 9 •• 22-09 1.752-02 7.539-07 1.633+00 1.217-01 1.772+00 1.P32-11 3.4116-01 1.466-09 3.175-t:< 2.366-04 3.~46-03 

1.500+09 & .IRS-09 , .224-02 5.024-07 1.660 +00 1.254-01 1.798+00 8.142-12 2.380-05 9.768-10 3.227-t3 2 .~38-04 3.495-03 

1.('00+09 2.355-09 9.& 72-03 3.767-07 1.674+00 1.274-01 1.811*00 4.579-12 1.E42-05 7.324-10 3.255-tJ 2.477-04 3.52'-03 
3.I)OIl+09 1.141-09 6.586-03 2.511-07 1.6<;0+00 1.291-01 1.826+00 2.036-12 1.280-05 4.882-10 :5 .286-B 2.522-04 3.S~1-1i~ 

4.090+09 _5.389-10 5.084-03 1.883-07 1.69P+OO 1.311-01 1.834+00 1.145-12 9.885 -01> 3.661-111 ~.301-'~ 2.549-04 3.56~-03 

5.000+09 3. 169-10 4.156-03 1.506-07 1.704+00 1.319-01 1.8&0+00 7.328-13 8.08"-06 2.928-10 3.313-t3 2.564 -04 3.578-03 

6.000*09 2 •• 17-1~ 3.525-03 1.255-07 1.?C7+0e 1.325-01 1.843+()O 5.088-13 I> .P.53-0~ 2.440-10 30319-0 2.576-04 3.583-03 

8.00C+0' 1 .. 72-10 2.715-03 9.413-08 1.712+00 1.333-01 1.81.8+ 00 2.862-13 5.27'1-0. 1.830-10 3.329-83 2.592-04 3.59~-03 

1.000+10 9 •• 22-11 2.217-03 7.530-08 1.715+00 1.338-01 1.1'51+00 1.832-13 4.310-0~ 1.464-10 3.3"4-13 2.601- 0 4 3.599-03 

1.500"0 &.11'8-11 1.532-03 5.020-08 1.720+00 1.345-01 1.856+00 B.142-14 2.979-06 9.760-11 3.344-' :3 2.615-04 3.60°-03 
;>.000+10 2.355-11 1.178-03 3.765-08 1.722+00 1.3&9-01 1.1158*00 1 .. 579-1& 2.290-C6 7.320-11 3.3&Il-n 2.623-04 3.613-03 

3.COO+10 1.'47-11 8.124-0& 2.510-0B 1.724*OC 1.352-01- 1.860+00 2.036-14 1.580-06 4.880-11 3.~52-n 2.629- 0 4 3.t:16-03 

4.000+10 5.889-12 6.237-04 1.882-08 1.726+00 1.355-01 1.862·00 101&5-14 1.213-06 3.659-11 3.356-83 2.634-04 3.620-03 

5 .OCO+1 0 3. 1 69-12 5.079-04 1.506-08 1.727+.00 1.356-01 1.863+00 7.3211-15 9.875-07 2.92~-11 3.351l-f3 2.636-04 3.6n-03 
6.000+10 2 •• 17-12 4.293-04 1.255-08 1.727+00 1.357-01 1.863·00 5.088-15 8.3& 7-0 7 2.4& 0-11 3.358-Q3 2.63B-04 3.622-03 

8.000'10 1 •• 72-12 3.292-04 9.411-09 1.728+00 1.358-01 1.864+00 2.862-15 6.400-0! 1.830-11 3.36(1-'~ 2 .640-~4 ~.6?4-03 

1.000+11 9 •• 22-13 2.678-04 7.529-09 1.728'00 "35<)-n~ 1.864'00 1.832-15 5 .2a1-0? 1.464-11 3.360-83 2.(,42-04 3.624-03 



TAJIT,E 6. Cross sections and mass attenuation coefficients for the individulI.IlI.nd total photon atom intefMt.ion pro«'S.<;~. 1 Mev toO 100 C'>'!V. 
Z = 1 to lOI).-Continlled 

16. S • SULFUR ATOHIC Vlo = 32.0. MSO/KG .001~'831 B~N~S/ATO~ MULTIPLY.MSO/KG BY '0 FPR CUSO/G 

P~IR PRODUCTION p A I R "ROQUC T I ON 
SCATTERING SC AlTER ING 

PHOiON PHOTO - ~UClEAR ElECTRON TOTAL PHOTO- NUCLEAR ELECTRON TOTAL 
ENE RG Y CO~EREIIT HCOHER. El~CTRIC flHO FIE LO COHFRENT INCOHER. ElECTRIC FIELD nnD 

[V B/ATOH UJTOM !J/ATOM B/no" B/~TOH B IAT'lH HSO/KG HSOIKG HSO/KG HSC/Kf, HSO/KG MS~!I'G 

1.000+06 1.117-02 30379+00 3.195-&3 C .000 ·1.000 3.393+00 2.098-05 6.347-u3 6.001 -ot. 0.000 0.000 60374-03 ~ 
~ 1.02?+06 , .070-02 3.343+00 3.057-03 G. 000 0.000 3.357+00 2·010-05 6.279-03 S.742-0b 0.000 0.000 60305-03 jO 1025r+G6 7.153-03 3.022+00 7.071-03 2.186-03 1.000 3.033+00 1.344-05 5.676-C3 3.890-06 4.11o-0t 0.000 5.6'18-03 

1.500.06 4.969-03 2.747+00 1.499-03 1.177-02 at 00 0 2.765+00 9.334-06 5.16n-03 2.816-~~ 2.211-05 0.000 ~.194-03 
2.000+06 2.796-03 2.345+00 9.326-04 4.614-02 0.000 2.395+00 5.252-06 4.405-03 1.752-0b 8.667-05 0.000 4.4 Q 8-03 .... 

:l1li 
2.044.06 2.077-03 2.316'00 <;.015-04 4.973-02 Q .000 2.369+00 5.028-06 40350-03 1.693-06 9.341-05 0.000 4.450-03 :; 
3.000'06 1.?43-D3 1.845+00 5.133-04 10307-01 •• 456-04 1.978+00 2·335-06 3.466-03 9.642-0; 2.455-04 1 .2 13-06 3.716-03 ~ 

4.000-06 6 .~92-04 1.539+00 3.490-04 2.108-01 1.636-03 1.753-00 1.:0.13-06 2.891-\l3 6.556-01 3.960-04 4.951-06 3.294-03 m 
5.000+06 4.175-04 1.329+0C 2.630-04 2.P.l<;.-01 ;.252-03 1.617*Oil 8.406-01 2.496-03 4.940-07 5.295-04 9.P65-06 3.037-03 

_ .... 
6.000'06 3.108-04 1.175+00 2.104-04 ~.456-01 1.066-03 1.529+00 5.83a-07 2.207-03 3.952-07 6.492-04 1.515-05 2.872-03 

~ 
7.0rO·06 2 .?83~O4 1.056+00 1.752-~4 4.023-01 1.087-02 1.470+00 4.288-07 1.984-03 3.291-07 7.557-04 2.042-05 7. .76~-03 Z 
8.000·06 1.748-04 9.610-01 1.499-04 4.533-01 1.360-02 1.428-0~ 3.283-07 '.805-03 2.816-07 8.515-04 2.555-05 2 .6n-0~ a 
Q.000.06 1.3~1-04 8.834-01 1.310-04 4.995-01 1.621-02 10 399. 00 2.594 -1l7 1.659-03 2.1.61-07 9.382-04 3.045-05 ~ .6?9-03 
1.000+07 1.119-04 ~.185-01 1.162-0~ 5.414-01 1.e70-02 1.379>00 2.102-07 1.537-03 2.183-01 1.017-03 3.513-~5 7.590-03 .... 
1.100.07 9.?46-05 7.634-01 1.045-04 5.794-01 1.106-02 1.364'00 1.737-07 1.434-03 1.'163-07 1.088-03 3.956-05 2.51\7-03 0 
1.2CO+07 7.770 -os 7.160-01 9.~~3-05 ~.H3-01 1.3211-02 1.354+00 1.459-07 10345-03 1.781-07 1.154-03 4.373-05 2.543-03 

.... 
~ 

1 t~OO.07 6.,20-05 6.745-01 8.682-05 6.467-01 1.539-02 10347+00 1.243-~7 1.267-03 1.631-07 1.215-03 ~.76'1-05 2 .5~O-03 ... 
1.~00+07 5.r08-05 6.381-01 8.005-05 ~. 767-0 1 1.740-02 1.342+00 10072-07 1.199-03 1.504-07 1.271-03 5.11.7-05 2.5?1-03 

~ 1.500+07 4.972-05 6.058-01 7.426-05 1.048-01 2.930-02 1.340+00 9.339-rya 1.138-03 1.3<,15-C7 1.324-03 5.51l4-05 2.517-03 .... 
1.600+&7 4.370-05 5.769-01 6.925-05 7.312-01 1.11 1-02 1.339+00 1'10208-08 1.084-03 1.301-07 1.373-03 5.~44-~S 2.516-03 0 
1.800+07 3.\53-05 5.273-01 6.100-05 7.795-01 30446-02 1.341*00 6.486-0B 9.905-04 1.146-07 1.464-03 6.477-05 2.5?'~-03 3: 
7.0CO+07 2.797-05 4.862-01 5.450-05 8.226-01 30756-02 1.346+00 5.254-08 9.133-04 1.024-07 1.545-03 7.055-05 2 .5?'~-03 n 2.200+07 2.J 12-05 4.516-~1 4.925-05 8.617-01 •• 039-02 1.354'00 4 <343-08 ~.4B3-04 9.251-~a 1.619-03 7.587-C5 2.543-03 
2.400+07 1.?42-05 4.220-01 4.493-~5 S.972-01 _.301-02 1.362+00 3.64f.-08 7.927-04 8.440-08 1.1085-03 S.079-CS 2.559-03 n 
7.600+07 1.&55-05 3.963-01 4.129-05 9.297-01 •• 543-02 1.371+00 3.109-08 7.444-04 7.7~6-0E 1.746-03 8.533-C5 2.S7~-0~ :l1li 
2.600+07 1 •• 27-05 3.738-01 3.8?1-0S ~.S96':'~1 •• 768-02 1.361*00 2.680-08 7.021-04 7.177-0~ 1.802-0 7 8.956-05 2.5<;'/,-03 0 
3.000+07 1 .~4 3-05 3.540-01 3.555-05 Q.e73-01 _ .979-02 1.391+00 2.33S-C8 6.649-04 6.678-08 1.855-0~ 9.352-0S 2.61~-O3 '" 1,,()OO+()7 6.g92-{}6 ;:0.813-01 2.637-05 1.102+1)0 1.860-02 1.&42+00 1.313-08 5.284-04 4.953-0b 2.07C-03 1.101-04 2 .70~-03 '" 
5.000_07 &.!a75-06 2.348-01 2.095-05 1.187.0~ 6.540-02 1.487·0C 8.'06-09 4.410-u4 3.935-08 2.2~n-03 1.226-04 2 .7Q4-0~ '" 6.0 C O' 0 7 3.108-06 2.023-01 1.738-05 1.254+00 '.086-02 1.527+0() 5.1138-09 3.aOO-04 3.265-0£> 2d55-()3 1.331-04 2 .869-0~ m 

n 
P.OOO+07 1.748-06 1.5'15-01 1.296-05 1.353.0C 1.923-02 1.S92+00 3.283-09 2.996-04 2.434 -DE 2.541-C3 1.&P.8-04 2.990-03 .... 
1.0GO.08 1.119-06 ,.324-01 1.034-05 1.424+00 3.544-02 1.642+00 2.'02-09 2.41:17-04 1.942-0b 2.675-03 1.605-04 3.0P4-03 (5 
1.500.08 4.972-07 9.430-02 6.859-06 1.540+00 9.599-D2 1.730+00 9.33<,1-10 1.771-G4 1.28B-08 ?8'13-03 1.803- n 4 ~ .750-03 Z ... 7.00r.08 2.797-07 7.39& -02 5.133- 06 1.610+00 1.028-01 1.787+00 5.254-10 10389-04 '1.642-09 3.024-03 1.931-04 30356-03 '" ." ~.OCO+08 1.143-07 5.241-02 3.&14-06 1.694'00 1.113-01 1.858+00 2.335-10 9.845-05 6.413-09 3.te?-03 2.091-r,4 3.4po-03 

"'" :r G.rOO+08 6.';9£-08 4.10G-02 l.55a-Ot 10743+00 1.166-01 1.901+00 1.313-10 7.709-05 4.805-0~ 3.274-0~ 2.190-04 3.570-03 
~ 0 

5.0~0+C8 4.~75-08 3.398-07 2.045-06 10 775' 00 1.203-01 1.929+00 8.406-11 60383-05 3.841-09 303~&-O3 2.26&-C4 3.621,-03 :l1li 
n 6.00~+OS 3.101-08 2.909-~2 1.703-06 1.799>00 1.230-01 1.951+00 5.1l36-11 5.464-115 3.199-09 3.37<,1-03 2.310-04 3.66~-O~ 
:r ~.OOG.oe 1.n8-0e 2.272-02 1.277-06 101'30.00 1.268-01 10 980 + 0 0 3.<,83-" 4.268-05 2.399-09 3.437-03 2.382-04 3.71&-03 ." .. 
~ 1.COO+09 1.1 '9-0~ 1.869-02 1.021 -06 1.850_00 .• 2H-01 1.998+00 2.102-11 3.511-05 1.911\-09 3.475-03 2.429-04 3.750-C3 % 

1.500+09 4.g72-09 1.305-02 6.803-07 1.8BO+00 10331-01 2.02"+00 9.339-12 2.451-05 1.278-09 3.531-03 2.500-04 3.R n6-03 0 ... .... .. 2.000+09 2. 1 97-09 1.010-02 5.101-07 10897+00 '.353-01 2.042+00 5.254-12 1 .~97-0 5 9.582-lG 3.563-03 2.541-04 3.836-03 0 :"' 3.000.09 1.lb3-09 7.025-03 3.400-07 1.91£.00 1.377-01 2.059+00 20335-12 1.320-05 60386-10 3.595-03 2.587-04 3.867-03 Z 
0 4.COO+Oq 6.992-10 5.422-03 2.550-07 1.924+00 1.391-01 2.069+00 1.313-12 1.0H-OS 4.790-10 3.614-03 2.613-04 3.FB~-03 '" a 5.000.09' 4 .. 75-10 4.433-03 2.040-07 1.930+00 1.399-01 2.074+00 8.406-13 8.327-0"- 3.832-10 '3.625-03 2.628-04 0.896-03 
ii 6.000+09 3.107-10 3.759 -03 1.700-07 1.934+00 1.405-01 l.078'00 5.836-13 7.061-06 3.193-10 3.633-03 2.639-04 3.904-03 

< ~.000'09 1.'48-10 2.896-03 1.275-07 10940+00 '.413-01 2.0~4+00 3 '283-13 5.440-06 2.395-10 3.644-0~ 2.654-04 3.915-03 

l'!- 10000·,0 1.1"-10 2.365-03 1.020-07 1.963.00 1.419-01 2.oa7-00 2.102-13 4.442-06 1.<;'16-10 3.6Sa-03 2.665-04 3.9?1-03 

~ 
1.500+10 4.972-11 1.634-03 6.798-08 10<;048+00 1.426-01 2.092'00 9.339-14, 3.069-06 1.277-lC 3.650 -0 :I 2.679-04 ~.9:10-o3 

7.'000+10 2.'97-11 1.256-03 5.098-08 1.950.0C 1.430-01 2.094'00 5 .25~-14 2.359-06 '1.576-11 3.66~-O3 2.686-~4 ;.9~4-03 

Z 3. n OO+l0 1.143-11 8,665-04 3.399-0& 1.953,+ 00 1.434-01 2.097+00 2.335-14 1.62R-06 6.385-11 3.6oS8-03 2.694-04 3.9~9-03 
!' 4.000+10 6.992-12 6.655-04 2.549-0~ 1.Q55+{)O '.436-01 2.099+00 1.:13-14 1.250-&6 4.78~-11 3.672-0, 2.697-~4 3.94'-03 

." 5.000+10 4 .. 75-12 5.417-01, ?039-0e 1.956+0C 1.438-01 2.100'00 B.406-15 1.018-06 3.~30-11 3.674-03 2.701-r4 3.945-03 
6.000+10 3.107-12 4.S79-04 1.699-08 1.956<00 '.439-01 2.100+00 5.836-15 8.601-07 301",-'1 3.6 74-03 2.703-04 3.q45-~3 --~ S.0()0+10 1.'4!\-12 3.511-04 1.274-08 1.9S7*Ot 1.U\)-01 2.101'00 ;.283-15 6.595-07 2.393-11 3.676-03 2.705-04 3·.'147-0~ 0 ... 1.000+11 1.119-12 2.857-04 1.C20-0~ 1.957+00 '.441-01 2.101.00 2·102-15 5.366-0 7 , .916-11 3.,.,76-0~ 2. 70 7-0/. 3.947-03 '" 0 -0 



TABU; 6. Cross sections and mass "'t.t.cnuat-ion coefficient.s for the individual and tota.l photon a.t.om intera.ction processes, 1 MeV to 100 GoV, -!- 0 
." Z=l 1.0 IOO-Continued 0-
:r 0 

~ 
17, .~l, tutoR r 1/10 ATOHIC VI. ~ 3S.4~3 MSO/KG = .011169860 BARNSIATOM ~Ul TlPlY MSO/KG BY 11) FOR CHSO/f 

n 
:r 
It PAIR PROOUCTIOII P_IR PROO!lCTIOli 
li SCA rr fltING SCATTEHUG ... PHOTON PHOTO- N!!ctPR ELECTRON TOTAL PIlOTO- IIUClF~R ElEr7110N 10TH .. ""ERGY COJ.tEFEIH PILOHER. flECTRIC fIHr F ,flD COHERENT J HOHlER. r lECTI!IC f [f.LO nElIl :" 

0 
EV BIATOM S/HOM a/ATOM !! IATOI! B /. TOM S/ATOM IISO/KG I1S0/~G MSrl/kG KS"/kt D "SIl/KG H~OIl(r; 

1 
< 1.000'06 1.313-02 3.590-00 4 .279-~3 0.000 0.000 3.1>1l7+00 2.230-05 6.098-03 7 .Z61J-(J6 il.O~~ o.noo 6.1?8-13 

!!- 1.()22+06 1.257-0Z 3.552'110 ~.095-0:t ~.OOo 0.000 3.569+00 2.135-05 6.033-03 6.<156 -06 0.000 0.000 6.062-0 
1.250+06 !l.~11)-O3 3.;>11+00 2.774 -03 ~.t.91-D3 0.000 3.225+00 .1.429 -05 5.454-03 4.712-06 ,.241-06 0.000 5.&17-H 

!tI 1.500+06 5.1J4~-03 2.91 9 "110 ~.OO6-03 1.337-02 lleOOD 2.940+00 9.923-06 4.'J58-ti3 3.407-06 2.Z71-GS 0.0011 4.994-!3 

Z 
2.000+06 3.287-03 2.491-00 1.247-03 5.227-02 (laOnD 20548+00 5.583-06 " .231-03 2.118-06 8.879-05 ·o.OQ£> 4 .328-~3 

!' 2.044+06 3.147-03 2.461·CO 1.205-1>3 5.632-02 0.000 2.522+00 5.345-06 4.180-03 2.041-0b 9.567-05 0.000 4.28~-t3 

3.DOll'06 10461-03 1.960+00 6.854-()4 1.417-01 6.859-04 2.111+00 2.41l2-06 30329-03 1.164-06 2.509-04 '.165-06 3.SPS-(3 
1- I. .000+06 8.221-04 1063~*OO '.655-0& 2.3811-01 2.801-03 1.8n .. OC 1.396-06 2 .777-D~ 7.9(J]-{)(' 4.043-\)4 4. 75t' -06 3.181'-(3' 

:0 S.O ()(l+O6 S.Z62-04 1.412>1)0 3.5n5-G4 3.183-01 5.S~O-03 1.737+00 8.938-01 2.398-03 5.954-07 5.407-04 9.478-06 2.9S0-n 

CD 6.000+06 :3 .654-04 1.248*00 2.803-0' 3.900-01 8.569-03 1.647.00 1>.207-07 " .120-03 4 _ 761-07 6.625-04 1.456-(15 2.79t'-f! 
0 7.000+06 2.685-0A 1.122'00 2.333-01. 4.539-01 1.155-02 1.588+00 4.561-07 1.906-1/3 3.963-07 1.710-04 10962-"5 2.697-(3 

1\ .000+06 ;> .055-04 1.021*00 1.996-04 5.113-01 1.445-02 1.547+00 3.491-07 1.734-1)3 3.390-07 8.685-6 " 2.454-05 2.6Z8-f3 :z:: 
9.000'06 10624-0~ 9.386-&1 1.7B-04 5.631.-01 10722-02 1.520+00 2.7S9-07 1.594-03 2.961-01 9.570-04 2.92'>-05 2.5e1-~3 c: 
, .llO~+O1 1.315-01. 8.696-01 1.5&7-04 6.106-01 1.986-02 1.50\)+00 2.234-111 1.&77-03 2.628 -07 1.037-;'3 3.373-05 ? 548-~3 G7 
1.10~+O7 1.il81-04 8.111-01 1.390-114 6.534-01 2-23]-02 1.487+00 ,.846-07 1.378-03 2.361-1l7 1.110-113 3.S()O-05 ;>.526-(3 CIII 
1.2Q~+C7 'la13S-0S 7.607-01 10261-04 6.917-01 2.473-02 10478+00 1.552-07 1.29~-O3 2.142-(17 1.177-03 4.201-05 2.511-13 '" .-
1.300+07 7.784-05 7.166-ll1 1.155-01. 7.291-01 2.697-02 1.£73+00 1.322-07 10217-U3 10962-07 1.2~S-03 4.581-()5 2 .51'2~~3 ~ 
1.400+07 b.71Z-05 6.780-01 1.065-0& 7.630-0 ! 2·910-02 1.410+00 1.140-07 1.152-1)3 1.1'09-(/7 1.296-03 4.943-05 2.497-B 
1.5GU+07 5.841-05 6.437-01 9.875-35 7.946-111 3." 2-{IZ 10470+ao 9.r; 32-08 1.093-03 ,.077-07 t .3 c O-tl3 5.286-05 2.496-(3 " 1.600+07 S.13~-G5 f..nO-1l1 9.;>67- 05 8.2&3-01 3.3()4-0~ "470"1I0 8.729-08 1.041-03 1.564-07 1.&OO-O~ 5.612-05 ,.49"-13 i 
1.~{)O.O7 4.060-05 5.6{lZ-Ol 8.109-u5 8.786-01 3.662-02 10476>00 6.896-0tl 9.516-64 1.:sn-07 l.t.9?-03 6.no-os 2+5116-(3 

~ ?COt+07 3.289-05 5,166-01 7.245-05 9.2n-01 3.989-02 1.484+00 5.587 -08 ~.775c04 1.231-01 10575-03 (,.716-05 ;> .5ZI1-(3 
2.200,C7 2·718-05 t. .198-01 6.546-05 9.111-111 4.2119-112 1.494 +00 4.617-08 8.151'-1>4 101 f 2-07 1.650-d3 7.285-05 2.538-(3 
?400+07 2.28&-05 4.48&-01 5 .971-05 1.0n-oo 4.566-02 1.505+00 3.880-08 7.617-04 1.014-01 1.717-0~ 7.751>-05 2.5~7-(3 ~ 
2.600·07 T .946-05 4.211-01 5.488-05 1.048 +OC 4.!23-02 10517+00 3.305 -1)8 70153-04 9.322-08 10780-03 8.192-°5 2.577-('3 Z 
l.e(IIl+~7 1.678-05 3.972-01 5.077-05 1.081+00 5.062-02 1.5<'9+00 ~ .85 O-1l8 6.n1-r4 8.624-01'> 1.836-1)3 8.598-05 2 .5()?-C~ 0 
3.000+07 1.462-05 3.761-01 &.723-05 1.112+00 ~.2~S-Q2 1.541 ~oO 2.483-08 6.388-04 8.022 -Ob 1.88'1-03 8.<177-(15 2.61e-f3 -& 
4.0CO+07 B .222-06 2.98<1-01 3.503-05 1.241 ~co b.Zf'1-0Z 1.602+00 1.397-0e 5.077-04 5.950-08 20108-03 10056-(14 7.771-(3 < 5.COIl.07 5.2112-06 2.495-01 2.783-05 1.337*00 6.939-02 1065(,+00 S .938-0c;. " .238-04 4.777-08 2'271-03 1.179-04 2.813-(3 '" ~.OOO.07 3.654-06 2.150-C1 2.30'1~(lS 1.&12.00 7.517-02 1. 702'00 6.207-09 3.652-04 3.922-0" 2.398-(13 1.271-0~ ;>.891-(3 '" 8.(;00+07 2.055-06 1.695 -01 1.122-05 1.522+00 8.402-02 1.776+1)0 J.491-C9 2.87'1-04 2.925-01> 2.585-03 1.427-04 ~ .O16-~:! III 

100(10+08 1.315-(16 1.407-01 1.373-11> 1.602'CO 9.059-02 1.833+00 2 _234 -09 2.390-04 .. • 332-08 2.721-113 1.539-04 3.114-(3 & 
1.51)1)+08 5.846-07 1.002-01 90109-1)6 1.732.00 1.017-(11 1.934+00 <;.930-11) 1.702-04 10547-08 2.94~-O3 1.727-f!4 3.28S-C! 
2.1l00·08 3.288-07 7.R56-0;> 6.816-0t 1.812+(10 10089-01 1.999+00 5.585-10 1.!3&-O4 10 15li-lIo!' 3.07~-O3 hIlS()-!)4 3.396-(3 
3 .lllIO. 08 1.462-07 5.562-02 4.533-06 h906+CO 1.180-01 2.080+00 2.&83-10 9.458-05 7.700-09 3.23/;-03 2.004-04 3.53~-f3 

I. .000-08 8.221-08 4.361-02 3.396-06 1.960+00 1.235-01 2.127+00 1.396-10 7.408-05 S.768-()'; 3.329-03 2.~98-Ct. 3.61 ~-(3 
S.(l(I{)+08 S .26 2-08 3.6H-02 2.715-06 1.997+00 1.273-01 2.160+00 8 _938-11 I> .132-05 , .612-0<; 3.3<;2-0 :3 2. '62-0~ 3.ti7t)-(3 
fe('OO'OIl 3'65£-oe 3.091-02 2.261-06 2.n3HlO 1.302-01 2.184+00 6.207-11 50250-05 3.841-09 3.436-03 2.212-04 3.7 10-(3 
8.000+08 7.055-08 2.414-02 1.695-06 Z. 058~OO 10341-01 2.216+00 3.491-11 4.10O-OS 2.879-09 3.h'U,-03 2.278-C4 ,.765-(3 
1.1)00+09 1.31;-08 1.9116-112 1.356-06 2.ntHOO 1.367-01 20238+00 Z.Zj4-f1 30373-05 ;> .303-()9 3.S3S-0~ 2.322-N 3 .8~1-(3 
1.S~O·lIq S.846-tl'1 1.387-02 9.033-01 2.114.00 1.407-01 2.269'00 9,930-12 ;> .356-05 1.534-0<; 3.5~ 1-93 2.390-04 3.85~-C~ 
2.00~+O9 3.288-a~ 1.073-02 6.773-01 2013z+ao 1.429-01 2.286+00 5.585-1, f.623-05 1.150-09 3.62':"03 2.427-04 3.68,-£3 
3.000-09 1.462-09 1.464-03 4.51l.-1)7 2.151#(1) 1.454-G1 2.3(\£+00 2.41l3-12 1.26(;-05 7.667-10 3.654-1)3 2.L7V-r.4 3.'11 ~-(3 
/, .OI){)+09 8.221-111 5.761-03 3.385-01 2.162+00 10469-01 2.315+00 1.396-12 9.786-06 5.150-10 3.672-03 ;>. 495-~& 3. 932-~3 
5.000+09 5.7.62-10 4.710-03 Z.708-07 2.169+00 1>478-01 2.322+00 8.93(;-13 8.0tlO-06 4.60D-10 ,.684-0" 2.511-04 3 .94 ~-t3 
6.(10/)+09 3.654-10 3.994-03 ?257-07 2.173-00 1.484-01 2.325+1)0 6.207-13 6.784-06 3.l\3~-10 3.691-03 2.521-04 3.950-£3 
l'.000+09 2.055-10 3.078-ll3 1.692-07 Z. teo.co 1.492-01 2.332>00 3.491-13 5.228-06 2.874-10 3.703-03 2.534-04 3.967-(3 
1oDOO+10 1.315-10 2.513-03 1.354-07 2.183 .. 00 1.491-01 2.335+00 2.234-13 4.269-06 2.300-10 :h108-03 2.5&3-1)4 3.967-(3 
1.500*10 5.846-11 1.736-03 <;> .026-0S 2.16" .. 00 1.505-01 2.341+00 9.930-14 2.949-;)6 1.533-tO 3.718-03 2.556-04 3.977-(3 
2.COO+ll) 3.Z8S-11 10335-03 6.769-08 2.192+00 1.509-01 2.344+00 S.S85-1£ 2.268-06 1.150-10 3.n3-03 2.563-04 3.<;82-(3 
3.COO+10 f .462-11 9.207-04 4.513-08 2.195+00 1.513-01 2.347+00 2.483-14 10564-06 7.666-11 3.728-03 2.570-04 3o'l~7-13 

& .000·10 !I.n1-12 7.068-04 . 3.384-08 2.196+00 1.515-01 2.348+00 1.396-14 1.201-06 5.748-11 3. 73~-O3 20573-0& 3.98 0 -(3 
5.00C+10 5.262-12 S.756-04 2.707-08 2.197+00 1.511-01 2.349'00 8."38-15 9.7n-07 4.59S-11 3.73;>-03 2.577-04 3.,,'I()-f3 
6.~CC+'O 3.654- 1 2 4.866-04 2.256-08 2.198'00 1.518-01 2.350.00 6.,o7-n 8.265-07 3.83;>-11 3.73t-03 2'578-04 3.992-0 
~.OOO·'0 2.055-12 3.731-0& 1.692 -08 2.19'1+00 1.519-01 2.351<00 3.491-15 6.337-07 2.874-11 3.135-03 2 .S80-~4 3.99~-!3 

'.000'11 1.315-12 3.03<; -D4 1.354-08 2.1'l'l·O~ 10521)-01 2.351+00 2.234-15 5.15 5-01 2 .~oo-" 3.7~~-O3 2.582-(\1. 3 .... ,94-(3 



T .HIl,E 6. CTOSS sections and mass at.t.en11!I.t,ioll coefficient,s fOT the individual and tot.al :>hotDn atom interaetmn p~ .• 1 M ,,'- ~~ 100 ('~~T, 
Z=l to lOO--Cont.inued 

lB. AR JARGON nOMIC IT. ~ 39.Y48 MSO IKG .001507b7 BARNS/ATOH MULTIPLY MSO/KC, BY 10 rOR C~SO/G 

PATR PROOUCT TON PAIR PROOUCTTON 
SCATTEnNG SCITTER ING 

PHOTON PHOTO- NUCLFAR ELEe TRON TOTAL PHOTO- NuCLEAR ELECTRON TOTAL 
ENERGY rOHERENT [NCOHER. ELECTRIC FIELD FJELD COHERENT I NCOHfR. ELECHI C riel 0 FlELO 

EV B/HOM BIA TOM B/ATOM BIATOM B IA TO" BIA TON "SO IK~ "SO IK C "SO/~G "SO/KG "SOl KG Msr/KG 

1.000+06 1.531-02 30801+00 5.632-03 (1.000 0.000 3.822+00 2.308-[5 5.730-03 8.490-06 0.000 '0.000 5.761-03 ." 
:J> 

1.022+06 1.466-02 h761+00 5.389-03 0.000 0.000 3.781+00 2.21O-fS 5.670-C3 8.124-06 0.000 0.000 5.700-03 Jii 1.250+06 Q.804-03 h400+IlO 3.b51-1l3 2.826-03 o .0OIl 3.416+00 1.4 78-~5 5.125 -0 3 5.504-06 4.260-06 0.01l0 5.150-03 
1.500+06 t .811-03 50 090+ 00 2.639- 0 3 10507-02 0.000 3.11S+01l 1.027-0S 4.658-03 3. 9 78-06 7..272-05 0.000 4.69~-03 

-f 
2.COO+06 30833-03 1.638+00 1.639-03 5.880-02 o.oot 2.702+00 5.7711-0l, 3.977-03 2.471-0b 8.864-05 0.000 4.074-03 :IV 
2.066+06 ",669-03 1.605+00 1.584-03 6.336-02 0.000 2.674+00 S.S31-C6 3.927-03 2.388-06 9.551-05 0.000 6.P30-03 :;; 
3.000+06 1.104-03 1.076+00 8.<191-04 1.658-01 7.263-04 2.245+00 2.569-f6 3.130-03 1.~~5-06 2.49'1-04 1.095-06 3.386-03 r-
4.000+06 q.SP'S-1l4 1.731+00 6.101-04 '2.670-01 2.965-03 2.003+00 1.445 -{6 2.609-03 9.197-07 4.025-04 4.470-06 3.019-03 m 

-f 
5.000+06 60135-04 1.695+00 4.590-04 3.568-01 5.908-03 1.859+00 9.24/1-C7 2.25b-03 6.'119-07 S.379"04 8.906-06 2.807-03 ~ 

6.nOO·06 40"60-04 10322+00 3.669-04 4.371-01 9.073-03 10 769+0 0 6.422-0 1.'193-03 S.531-Q7 6.580-04 1.368-~5 2.667-03 > 7.0UO·06 !.nO-04 1.1RB+00 3.052-04 S.086-01 1.223-02 1.709+00 4.71P-C7 1.791-03 4.601-07 7.667-04 1.844-05 2.577-03 Z 
P.OOO.Ot 2.397-04 10081+00 2.610-04 5.7;>9-01 1.530-02 1.670+00 3.613-C7 1.630-03 3.934-07 /l.6 ~6-0 4 2.306-05 2.517~03 C 
9.000+06 10694 -04 ~.931l-01 2.279-06 6.311-01 1.823-02 l.bU+OO 2.855-(7 1.498-03 3.436-07 9.514-04 2.748-05 ?478-03 
1.000.07 1.534-04 9.208-01 2.022-04 6.839-01 2.103-02 1.626+00 2.312-C7 1.388-03 3.048-07 1.031-03 3.170-05 2.451-03 -f 

10100·07 102611-04 30588-01 l.817-0b 7.318-01 2.368-02 1.615+00 109',-C7 1.295-03 2.739-07 1.103-03 3.570-05 2 .4~4-03 0 
-f 

1.200+07 10065-04 1.054-01 1.649-04 7.757-01 2.618-02 1.608+00 1.605-(7 1.214-03 2.486-07 10169-03 3.947-05 2.423-03 :J> 
1.300+07 h076-05 r.588-01 1.509-04 8.164-01 2.855-02 1.604+00 10368-07 1.144-03 2.275-07 1.231-03 4.304-05 ?41~-03 r-
1.400+07 7.825-05 7.178-01 1.391-P4 8.543-01 !.080-02 1.603+00 1.180-C7 1.082-03 2.097-07 1.2~8-03 4.643-0S 2.417-03 :J> 1.5PO+07 6.817-05 6.~15-01 1.290-04 I'.897-()1 3.294-02 10604+00 1.028-C7 1.021-03 1.945-0~ 1.341-03 4.966-05 2.418-03 -f 
1.60r+07 5.991-05 6.490-01 1.203-04 9.229-01 3,497"02 1.607+00 9.031-~8 0.783-04 1.P.13-07 1.391-03 5.272-05 7.1,23-03 0 
1.800+07 4.134-05 5.932-01 1.059-04 9.83(,-01 3.876-02 1.616+00 7.136-C8 8.942-0b 1.596-07 1.483-0~ 5.843-05 7 .4~~-03 ~ 
2.000.07 3.834-05 1.470-01 9.463-05 1.038~ao 4.221-02 1.621+00 S.780-C8 8.246-04 1.427-07 1.565-0~ 6.363-05 2 .45~-03 n 2.2oo+01 3.1 b9-05 I.OP1-0l 8.550-05 1.CB7H10 4.539-02 1.641+00 4.777-(8 7.659-04 1.289-07 1.6 '9-03 6.1.142-0S 2.473-03 
2.400·07 2.663-05 .. 748-01 7.797-05 1.132~OO 4.832-02 1.655+00 4.1114-(8 7.157-04 1.175-07 1.706-0! 7.284-05 2 .49~-0~ n 
2.600.07 2.269-05 ,.458-01 7.166-05 1.172+00 5.103-02 1.669+CO 3.4211-C8 6 .120-~4 1 .~80-07 1.7(,7-03 7.693 -0 5 2.51b-03 ;III 

2.ROO·07 1.956-05 /.205-01 6.629-05 1.210+00 50356-02 1.684+00 2.94'-(8 6.339-04 9.993-0& 1.824-03 8.074-05 2 .5~Q-03 0 
3.000·07 1.704-05 30982-01 6.167-05 1.245'00 5.591-02 1.699+00 2.569-~8 6.003-04 9.297-08 1.87T-03 ~.428-05 2.561-03 CIt 

CIt 
4.000·07 9.586-06 30 16 4-01 4.573-05 1.388'00 6.577-02 1.770+00 1.445-C8 4.770-04 6.894-08 2.092-03 9.915-05 2.66,-03 
5.000·07 6.135-06 ,.662-01 3.633-05 1.495+00 7.337-02 1.833+00 9.248-C9 ~.983-04 5.677-0e 2.254-03 10106-04 2.76!.-03 CIt 

m 
6.00r.07 4.260-06 ;.276-01 3.014-05 1,578+00 7.947-02 1.885+00 6.422-c9 3.431-0b 4.544-08 20379-03 1.198-04 2.842-03 n' 
8.000+07 2.396-06 ~.795-01 2.267-05 1.7112+00 8.880-02 1.970+00 3.612-09 2.706-04 30387-08 2.S66-03 1.339-04 ? .970-03 -4 
1.000.08 10534-06 10490-01 1.791-05 1.791+00 9.573-02 2.036+00 2.312-09 2.246-04 2.700-08 2.700-03 1.443-04 ~ .0f>9-0 3 5 
1.500·08 6.816-07 ;.061-01 1.189-05 1.936+00 1.075-01 2.150+00 1.027-C9 1.599-04 1.792-08 2.918-0~ 1.621-04 3.2bO-03 Z 

!- 2.000+08 3.834-07 h318-02 8.894-06 2.07.4+00 1.150-01 2.222+00 5.780-10 1.254-04 1.341-08 3.0r;1-03 1.734-04 3.350-03 CIt 

... 3.000·08 1.704-07 5.896-02 5.915-0(' 2.129+00 1.245-01 2.312+00 2.569-10 8.888-05 8.917-09 3.209-03 1.877-04 3.4P6-03 

"" ,... 
4.000+08 9.586-08 t.617-02 4.431-06 2.190~OO 1.302-01 2.366+00 1.445-10 6.960-05 6.680-09 3.30'-O~ 1.963-04 3.S0-n 

~ 0 
5.000.08 6.135-0e 3.822-02 3.542-06 2.230 +00 1.342-01 2.402+00 9.z'48-11 5.762-05 5.33'1-09 3. 362-0 ~ 2.023-04 3.6?2-03 :IV 

n 6.000+08 4.260-08 3.273-02 7.951-06 2.259+00 1.372-01 2.429+00 6.422-11 4.934-05 4.449-09 3.405-03 2.068-04 3.062-03 ,... 8.000+08 2.396-08 2.556-02 2.212-06 2.298+00 1.412-01 2.465+00 3.612-11 3.853-05 3.335-0S 3.464-03 2.129-04 !.7IS-03 ." .. ::c 
il 1.OCQ·09 1.534-08 2. 103-02 1.769-06 2.323+00 1.440-01 2.41.18.00 2.312-11 3.170-05 2.667-09 3.507-03 2.171-04 3.751-03 0 ... 1.500+09 6.816-09 1.469-02 1.179-06 2.360+00 1.480-01 2.523+00 10027-11 2.214-05 1.777-09 3.558-03 2.231-04 3.803-03 -f .. 2.000+09 3.834-09 10137-02 8.837-07 2.380+00 1.5Q3-01 2.542+00 S.78()-12 1.714-05 1. ~32-09 3.58[> -0 3 2.266-04 3.!I~1-03 0 
:0- 3.000·09 1.104-09 ;'903-03 5.890-07 2.402+00 1.529-01 2.563+00 2.569-12 1.191-05 8.P79-10 3.621-~3 2.305-04 3.1!63-03 Z 
CI 4.000+09 9.586-10 t.l00-03 4.417-07 2.414+00 1.544-0 I 2.575+00 I.U5-12 9.1 0 6-06 6.658-10 3.6 :'9-0 3 2.~28-04 3.1.181-03 CIt 
D 5.DDe+09 6.135-19 6.988-03 3.533-07 2.421·DO 1.553-01 2.581+00 9.248-13 7.519-06 5.326-10 3.650-03 2.341-04 3.891-03 
P 6.000+09 6.260-10 4.229-03 2.944-07 2.426+00 1.559-01 2.586+00 6.422-13 6.375-06 4.43F--IO 3.657-03 2.350-04 3.89Q-03 

~ 
8.000+09 2.396-10 3.259-C3 2.208-07 2.433+00 1.568-01 2.593+00 3.612-13 4.913-06 3.37.8-10 3.668-03 2.364-Q4 3 .9(\9-0 ~ 
1.0~0+10 1.S34-10 ,.660-03 10766-07 2.437+00 1.573-01 2.597+00 2.312-13 4.010-P6 2.662-10 3.674 -03 2.371-04 3.91,-03 

!J 
1.500+10 6.816-11 1.83Q-03 1.178-07 2.4'3+00 1.580-01 2.603+00 1.(\27-13 2.772-06 1.716-10 3.683-03 2.382-04 3 .9?~-O3 
20000+10 3.834-11 1.414-03 1:1.832-08 2.447+0r 1.585-01 2.607+00 5.7t'0-16 2.132-06 1.33 I -1 C 3.689-03 2.389-04 3.930-03 

Z 3.~OC·IO 10704-11 ~. ne-04 5.R88-01' 2.450+00 1.589-01 2.610+00 2.569-14 1.469-06 8.876-11 3.693-03 2.395-04 3 .9~~-03 
~ 4.(,00+10 9.586-12 1.484-04 4.416-08 2.452+00 1.591-01 2.612+00 10445-14 1.128-06 6.657-11 3.696-03 2.398-04 3 .9~7-03 
,. S.000+10 6.135-12 6.095-04 3.533-08 2.453+00 1.593-01 2.613+00 9.248-15 9.188-07 5.326-11 3.698-03 2.401-04 3.939-03 

6.0~0·'0 6.260-12 5.152-r4 2.944-08 2.453.+00 1.594-01 2.613+00 6.422-15 7.766-07 4.438-11 3.698-03 2.b03-04 3.939-03 .... .. 8.000·10 2.396-12 3.950-04 2.208-08 2.454+00 1.595-01 2.614+00 3.612-15 5.955-07 3.328-11 3.699-03 2.404-04 3.94D-03 0 
0 
III 1.000+ I 1 1.534-12 3.214-04 1.766-08 2.655+00 1.596-01 2.615+00 2.312-15 4.P45-07 2.662-11 3.70'-03 2.406-"4 3.94?-03 0-
0 

.... 



!- TAJll,~; 6. CroSR sMt.ions Il.nd mass lltf-entla.fion coefficients for the individtlal and tot,o,l photon Ittom interaction processes. 1 MeV to 100 (;~ ... 
~ ." Z = t t.o t OO-Cont.inned ,.. 

~ 
u 

n 1<:>. ,. • PI)T1SSlUM HO~IC liT. = 39.09B3 MSO/~G .0015~023 RARN~/ATI)H MULTIPLY MSO/kG BY ,~ <oe C"SO/G ,.. 
II 

lJ PA IR PRODUCT ION pA IR PROOUrTJ(I~ 

III SrAlTERING ~C AT TE RING 

~ PHOTON PHOTO- NUCLEH ElECTRON lOT At PH01O- 'IUCLEAR ELECTRO- . : . , ~ 
a ENERGY CDlltRENT INCOHER. ELECTR Ie F IELO fIE LO COHE~ENT INCOIlER. ELEPRIC FIFLO F IHD 

!l EV BIATOH B/ATOM S/ATOM P I A TOM B IlTOM B I HCM "SOfKG "SO IK r, "SO IKG "SIl/KG HSO/Kr. 
~ 
< 1.i)Othtl6 10763-02 4.011-00 7.301-03 0.000 0.000 4.036<00 2.715-05 6.178-03 1.125-05 O.DD~ 0.000 t ~ ? .. '!' •• ", 

~ ,.022-06 1.688-02 3.969-00 6.'187-03 O.I}OO 0.000 3.993<00 2.600-05 6.113-03 1.076-05 0.000 0.000 6, " - . t • 

~ 1.250+06 1.129-02 3.588+00 ~.731-03 3.11!5-~3 O.OOG 3.607<00 1.731-05 5.526-03 1.2B1-06 ~.906-06 . <1.000 IS t ~ ~ '; \' 

Z 1.500-n6 7.8&4-03 3.262+00 3.41S-0~ 1.6119-(2 0.000 3.290<011 1.201-05 5.024-03 5.266-06 2.601-0S 0.000 5 I 001- ~ - ! . 

II 2.000+06 4.4U-03 2.784-00 2.121-03 6.577-(2 0.000 2.856+0 II 6.791-116 ~.288-03 3 .267-0~ 1.1113-04 11.1)00 403?<':' 

~ 7004h1H. 4.226-03 2.7S0'CO 2.050-0~ 7.01l6-(2 0.000 2.827<00 6.S0~-06 ~ .236-03 3.157-06 1.091-0& 0.000 lr. ,3~ 1. - ! • 

:0 3.000+06 1.96:1-03 2.191+00 1.162-113 1.1150-(1 7.666-04 2.380+00 3.02/-06 30375-03 1.7'10-06 2.8&9-04 1.181-06 3.t:tt-:~ 

CD 4.000+06 1.11)4-03 1.828.00 7.877-0~ 2.977-t1 3.130-03 2 ., 31+00 1.703-06 2.816-03 1.213-06 4.SS5-0~ 4.~21-06 3 .28? -: ' 
0 5.000+06 7.066-04 1.578-00 5.923-01 3.976-~1 6.236-03 1.983+00 1'083-06 2.430-03 ".H3-07 6.12~-0~ 9.605-06 '3.05'-~~ 

6.000,06 4.907-0~ 1.395'00 4.737.-01 4.869-Cl 9.576-03 1.892+00 7.553-07 2.149-03 7.nS-C7 7.49Q-O~ 1.~75-05 2 .q' S - t," 

·1.oor-06 3.605-04 1.254+00 3.935 -0& 5.1'63-[1 1.291-0l 1.83&+00 5.553-07 1.931-03 6.0~1-·37 8.722-0~ 1.9~8-05 218?~-e: 

S.000+06 2.760-04 1.141+00 3.36/.- 01 6.378-01 1.61~-02 1.796,00 4.251-07 1.757-03 5.1~1-07 9.112&-04 2.486-05 2.766-0! 
9.000+06 2.11'1-0& 1.0~9+00 2.937-0~ 7.025-(1 1.924-02 1,771<00 3.359-07 1.6'6-0~ 4.5?4-07 1.082-03 2.963-05 ?728-0" c: 
1.000+07 10767-0& 9.719-01 <.605 ~ O~ 7.612 -0 1 2.219-02 1.756+00 2.722-07 1.497-03 4.012-07 1.1n-03 3.412-05 2 • 70~ - 0 ~ 
1.100+07 1.&60 -v& 9.065-01 2.3~0-ti\ 8.145-01 2 .~99-02 1.746+00 2.249-07 1.396-03 3.M~-07 1.255-0~ 3.8~9-C5 ?69~-O3 • • 1.200+07 1 .227-e4 8.502-01 7.123.-fH S.633-C 1 2.7~3-02 1.7£1<00 1089'-07 1.310-03 3.270-~7 1.3~0-03 ~.256-05 2.6R2-03 -1030 n+07 1.045-0& 8.009-01 1.943-0~ 9.086-[1 3.012-02 10740+00 1.61)-07 1.234-03 2.9~3-07 1.39q-O~ 4.639-05 2.680-0' .... .... 
1.~OO+.O7 'l.013-05 7.577-01 1.791-0\ 9.506-{1 3.250-02 1.741'00 1.38S-07 1.167-03 2. 7,9-07 1.666-0, 5.006- n S 2.68;>-03 · 
1.500+07 7.851-0S 7.19~-01 1.661-01 9.899-C1 3.~75-02 1.744+00 1.209-07 1.108-03 2.S,R-07 1.575-03 5.352-05 2.6117-03 Q 
1.600-t7 6.901-05 6.~51-01 1.5~R-O\ 1.0U'CO 3.690-02 1.749+00 1.063-07 1.055-03 2·3.14-07 1.5P2-03 5.683-05 2,69~-03 i 1.~00+1)7 5.452-05 6.261-01 1.363-M 1.094+(0 4.089-02 1.761-00 8 .3~1-08 9.6~3-0~ 2 .0~9-07 1.685-03 6.298-05 20713-0~ 

2.000+07 ~.416-05 5.774-01 1.218-01 1.155·rO 4.453-02 1.777+00 6.802-NI 8.893-0~ I.R76-07 1.779-03 6.859-05 2.7~7-03 ~ 
2.200+07 3.650-05 5.363-01 1.100-0~ 1.209HC ~.788-02 1.793·1l0 5.621-08 8.260-04 1.694 -07 1.P.62-03 7.37S-~5 2.762-03 
?~OO+07 3.067-05 5.011-01 1.003-0~ 1.259+(0 5.097-02 1.811+00 4.721-08 7.718-0& ,.5~5-07 1.939-03 7.P51-05 2.790-03 ~ 
2.bOO'07 2.613-05 ~.706-01 9.221-05 1e30&+{C 5.3~3-02 1.829+00 4.02 ;-08 7.248-04 1.4~0-07 Z.008-J3 8.291-05 2.816-03 Z 
2.aOO-07 2.253-0S ~.&39-01 2.52'1-05 1.3&6<10 5.649-02 1.846<00 3.470-08 6.837-04 1.314-07 2.073-03 8.701-05 2.84~-03 C 
3.0ryO+07 1.963-05 ~.203-01 7.934-0; 1.384-~0 5.897-02 1.863<00 3.023-08 6.674-C4 1.222-07 2.132-03 ~ .083-0 5 2.870-03 

'G 
~.OOO.O7 1 .104-05 3.340-r.l 5.882 -05 1.543·~0 6.935-02 1.946<00 1.700-08 5.144-1)4 9.0~C-Oe 2.377-~3 1.068-04 7.9QP-03 

5.000'07 7.066-06 2.78B-Ol 4.673-05 1.662.00 7.73/.-02' 2.018«1) 1.08l-0F 4.294-t~ 7.1Q6-01! 2.56r-03 1.191-0~ 3>108-03 < m 
6.000+07 4 '''07-06 2.~02-01 3.876-05 1.754+(0 80376-02 2.078<00 7.553-09 3.700-04 5.970-0~ 2.7C2-03 1.290-04 3.2~1-03 :IIIlI 
8.000+07 2,760-06 1.8~S-01 2.890-05 1.R91*{0 q. 35 7 -02 2.17&+00 &.251-09 2.919-0~ 4.451-0t ? .913-03 1.~&1-0~ 3.349-03 aI 

1.000+08 1.766-06 1.573-01 2.303-05 1.990+(0 1.009-01 2.2~8+00 2.72,)-09 2.423-04 3.517-08 3.065-0; 1.554-0~ 3,~~3-03 e 
1.5~O+O8 7.1351-07 1.1?~-01 1.528-05 20150+{0 1.132-01 2.375+0C 1.201-09 1.725-04 2.353-02 3.311-03 1.7~4-04 ~ .65~-03 

2.000+08 4.416-07' 8.780-02 1.1&3-05 2.248*00 1.211-01 2.457<00 6.80/-10 10352-04 1.700-08 3.462-0~ 1.865-0~ 3.7M-03 
3.0CO+08 1.963-07 6.223-02 7.605-05 2.304+f0 1.311-01 2.557+00 3.n2~-10 9.585-05 10171-CP' 3.6~1-03 2.019-04 3.939-03 
~ .000+08 1.10&-07 ~.P74-02 5.697-05 2.432+C0 10371-01 2.61e+OO 1.70·)-10 7.5C7-05 8.775-09 3.746-03 2.112-0£ ~.OV-O~ 

~.OOO+O8 7.066-08 ~.035-02 4.55£-05 2.£76+00 1 • ~ 14 -0 1 2.658-00 1.088-10 6.215-05 7.016-09 3.814-03 2.17a-0~ ~,09~-03 

6.00C+08 4.907-08 3.~54-02 3.793-0~ 2.509+(0 1.445-01 2.68S+00 7.553-11 5.37.0-05 5.8~2-09 3.864-0 ; 2.226- 04 ~o140-03 

R.OOO+08 2.760-08 2.698-C2 ?.843-0b 2.552+(0 1.489-01 2.728+00 4.251-11 ~.1S6-05 4.37"-09 ~.9~1-03 2.293-0& 4.2~?-03 

1.000,09 1.766-08 ;>.220-02 2.274-05 2.580+00 1.518-01 2.754+00 2.72~-11 3.~19-05 3.532-09 3.914-03 2.338-04 ~.26 2-1)3 

1.50C+09 7.851-09 1.55&-02 1.515-05 2.621>00 1.563-01 2.793+00 10209-11 2.387-05 20333-09 4.037-03 2.4G7-0~ ~.302-03 

2.000+09 4.416-09 1.2~0-O2 1.136-05 Z .6U+00 1.589-01 2.815+00 6.80Z-12 1.848-05 1.750-0'> 4.072-03 2.447-04 4 .3~6-03 

3.000+09 1.963-09 8.3~2-03 7.572-07 2.661'+CO 1.617-01 2.838+00 3.023-12 1.285-05 1. H6-0't 4.1C9-03 2.~91-0/. 4.311-03 
~ .00~+09 1.104-09 6.439-03 5.679-07 2 .6~1+GO 1.63~-01 2.851 +00 1.70~-12 9.918-06 e. 7 n-TC ~o129-03 2.517-04 4 .39'-0~ 
S.00C+09 7.066-1(1 5.265-03 4.542-07 2.689+ co 1.6H-C1 2.859+110 lotlB~-12 8.U9-06 6.996-1C 4.142-03 2.532-06 4.403-03 
6.000+09 4.907-1G &.4f.4-03 3.785-07 2.695+00 1.651-01 2.865 ,00 7.553-13 6.876-06 5.eI0-10 ~.151-03 2.543-04 ~.41?-O3 

~."OO+O9 2.760-10 3.~~0-U3 ?839-07 2.703'00 1.661-01 2.873+00 4.251-13 5.2 98-!i6 &.373-10 4.16~-0~ 2.S56-0~ ~.4?&-03 

1.000+10 1.766-10 2.~08-03 2.271-07 2.70g-CO 1.667-01 2.878-00 2.72-)-13 ~.3Z5-06 3.H!i-li1 1 .. 171-03 2.568-~4 ~,432-03 

1.500+10 7.851-11 1.9~1-03 1.514-07 2.714+GO 1.676-01 2.884+00 1.209-13 2.99ry-06 20332-10 &.180-0; 2.581-n~ ~.~~1-C3 

2.000+1Q 1 .. 416-11 1.492-03 1.135-07 2.718+CO 1.681-01 2.888-00 6.S0?-14 2.;>98-06 I.H8-1C 4.186-03 2.5PQ-0~ ~.4~8-0~ 

3.rOO-l0 1.9t3-11 1.029-03 7.569-03 2.722+GO 1.686-01 ;> .892 -00 3.021-1~ 1.585-06 1.166 -1 D ~.19~-03 2.597-n~ ~.45&-03 

~.000+10 1.104-11 7.900-0~ 5.677-0l 2.724+CO 1.68'1-01 2.89~-OO 1.70r,-14 1.217-06 8.714-11 4.196-0' 2.601-"4 4.457-03 
5.000',0 7.066-12 6.~33-04 ~.5~1-0; 2.725+CC 1.691-01 2.895+00 1008,-14 9.90~-07 6.9n-l1 40197-03 2.605-04 ~.&59-03 

hOOO-l0 4.907-12 5.438-0& 3.784-0~ ;>.726+CO 1.692-01 2.896+00 7.558-15 8.376-07 5.828-11 4.199-03 2.606-0~ 4.46~-0'! 

~.COO-10 2.760-12 4.17()-0~ 2.838-0~ 2.727+£0 1.693-01 2.897+00 &.251-15 6.423-07 4.371-11 4.200-03 2.60e-P4 I, .462-03 

1.000+11 1.766-12 3.392-01, 2.271-0~ 2.721+00 1.694-01 2.897+00 2.72)-15 5.224-07 3·H8-11 ~.200-03 2.609-0~ 4.462-03 
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20. CA. CALCIUM HOHIC liT. ~ 40.08 MSQ/KG ~ .00150251 BARNS/ATOM MULTIPLY MSUIKG BY In FOq (NRO/S 

PAIR PRODuCTION I' AlP PROIlUr. TI ON 

SCATTERING SCHTER ING 
FHOTON PHOTO- HUtlOR ElECTRO~ TOTAL I'HOTO- NUCLEAR ElECUON TOTAL 

ENfRG Y COHfRENT INCOKER. ElECTRtc tlElD fIElD COHERENT INCOl'ER. ELEC1R!C FIELD rtELO 

EV " IATOM BIA TOM BIA TOM BIATOM ·R IATOM B IATOIl HSOIkG HSOIKG MSa ,!(G MSO/KG HSOlkG MSOIKG 

'.000+06 2.0'1-02 60222-00 9.333-03 0.000 a.ooo 4.251+0~ 3.022-05 6.344-03 1.402-05 O.OO~ 0.000 6.388-03 ." » 
,.022+06 1.926-12 4.175,00 8.931-03 O.ooc 0.000 4.206+0. 2.&94-05 6.277-03 103'2-05 o .OO~ 0.000 6.320-03 

~ 1.250+06 1.2!8-02 3.777+00 6.047-03 3.569-03 0.000 3.7Q'.04 1.935-05 5.675-C3 9.086-06 5.36l-06 0.000 5.700 -03 

1.~OO.O 6 8.94'-03 3.433+00 4.369-03 1.~7~-02 0.000 3.465·00 1.345-05 50158-03 6.564-06 2.BC1-05 0.000 5.2 0 6-03 ..... 
2.000+06 5.036-03 2.930+00 2.708-~3 7.323-~2 0.000 3.0,1+00 7.567-06 4.&02-03 4.0M-06 1.10)-04 O·QOO 4.524-03 :'! 
2.C4t.+0t. 4.822-03 2.894>00 ?617 -03 7.891-02 0.000 2.9RO+O~ 70245-06 4.34R-03 3.932-06 1.18~-G4 0.000 4.47~-O3 ." 

3.000+ 06 2.239-03 2.306+~0 1.41'2-03 2.~53-e, 8.070-04 2.516.0t 3.364-06 3·465-03 2'2Z;-Ob 3.0e5-04 1.213-06 3.7~O-O3 ,.. 
4.000'06 1.260-03 1.9;>4-01; 1,003-03 3.300-01 3,295-03 2.260-00 I.B93-06 2.691-03 1.501-06 4.95~-04 4.951-06 30395-03 m ..... 
5.600+06 8.062-04 1.661+00 7.539-04 4.405-01 6.564-03 2.110.0. 1.211-0b 2.496-03 1.133-06 6.6 H-04 9.862-06 ~.170-03 

, 

6.000-06 5.59'-04 1.469'00 6.021-04 5.393-01 1.008-02 2.020+0& 8.413-07 2.207,.03 9.04;-07 8.103-0& 1.515-05 3.0~4-03 » 
7.0 nO+06 4.113-0& 1.320+00 5.004-0& 6.271-01 10359-02 1.962+0t 6.'80-07 1.983-03 7.519-07 9.&2?-O& 200&2-05 2.947-03 Z 
8.000+06 3.149-04 1.201+00 4.278-04 7.062-01 1.699-02 1.925'0. 40731-07 1.805-03 6.428-07 1.061-03 2.553-05 2.892-03 C 
9.000'06 2.488-04 1.104HlO 3.733-04 7.777-01 2.025-02 1.<l03'0t 3.738-07 1.659-03 5.609-0 i' 1.163-03 3.043-05 ~.850-03 ..... 
l.n 00+0 7 2.016-84 1.023+0~ 3.3H-04 8.426-01 2.335-02 1.889+0. 3.029-l17 1.537-03 i. .973-07 1.266-03 3.508-05 2.839-03 0 
101 (to+ 0 7 1.666-04 9.543-01 2.973-04 9.0IS-01 2.630-02 t.883+0~ 2.503-07 1.4:"&-03 4.461-07 1035;-03 3.'152-05 2.82 9 -03 ..... 
1.200+07 1.400-04 8.949-01 2.698-r4 9.554-01 2.907-02 1.~80+0G 2.104-07 1.3&5-03 4 '054-07 1.01-03 4.368-05 2.8'4-{)3 » 
1.30~-07 1.193-04 8.431-01 2.469-04 1.005-00 3.170-02 1.RBO-Ot 1.792-117 1.267-03 3.710-07 1.S1')-'n 4.763-05 2.P,2~-03 -
1.400-07 1.028-04 7.976-Cl 2.275-04 1.052+00 3.420-02 1.68'.OG 10545-07 10198-03 3.418-07 1.581-03 5.139-05 2.[031-03 » 
10500+07 8.951'-O5 7.572-01 ;>.110-04 1.095+00 3.657-02 l.e89+0~ 1.346-07 1.138-03 3.170-07 1.64,-03 5.495-05 2.8'!1l-03 ..... 
1.~OO+07 7.874-05 7.211-01 1.967-06 1.136-00 3.883-02 1.896-0& 10'83-07 1.083-03 2.'155-07 1.70i-0! 5.834-05 2.F4 0 -03 0 
r,P,OO'07 6.221-05 6.591-01 1.731-04 1.211~OO 4.302-02 1.913'0~ 9.347-08 9.903-04 2.601-07 1.82~-03 6.464-05 7. .875-03 ~ 
hono+O? 5.039-05 6.078-01 1.546-04 1.277+00 4.685-02 1.932'00 7.571-08 9.132-04 2.323-07 1.919-03 7.039-05 2.903-03 n 
2.200+07 4.165-05 5.6£5-01 1.397-0& 1.337+00 50037-02 1.952-0G 6.258-08 8.&82-04 2.099-07 2.009-03 7.568-05 7. .933-03 

2.400+07 3.499-05 S .27S-lll 1.274-0£ 10392'00 5.361-02 1.973>00 5.257-08 7.9;>6-04 1.914-07 2.091-{)~ 8.055-05 2.96~-03 n 
2.,00'07 2.982-85 4.953-01 1.170-V4 1.442,00 5.66~-02 1.994·0~ 4.4RO-08 7.442-04 1.758-07 ;>.167-03 8.507-05 2.90 6-03 :11:1 

2.0.00+07 2.S71-05 &.673-01 1.083-04 1.489+00 5.941-02 2.016'1\{ 3.863-08 7.021-C.4 1.627-07 2.23'-03 8.926-05 3.029-03 0 
3.DOO·01 ?240-05 4.425-01 1.007-04 1.531'00 6.202-02 2.036+00 3.366~01l 6.649-04 1.513-07 2.30n-1l3 9.319-05 3.05<1-03 U\ 

U\ 
&.~00+07 1.760-05 3.516-01 7.464-05 1.706·00 7.292-02 2.131+0~ 1.893-D8 5.21'3-04 10121-01 2.561-0~ 10096-04 3.201-03 

5.'~O+O7 8.063-06 2.935-01 S.929-05 1.~36+CO 8.131-02 2.211+0( 1021'-D8 4.410-04 8.908-CR 2.75~-03 1.222-04 3.322-03 U\ 
m 

6.100+07 5.599-06 2.529-01 4.917-05 1.938+00 8.804-02 2.279>OC 8.413-09 3.800-04 7.388-11& 7..911-03 1.323-04 3.42&-03 n 
a.HO·07 3.149-06 1.994-0' 3.666-05 2.090'00 9.834-02 2.388+0C 4.731-)9 2.996-Q& 5.500-08 3.1&1-03 1.478-04 ~.5F8-03 ..... 
1. )OO+{\8 2.016-06 1.655-01 2.922-05 2.199'00 1.060-01 2.Hl·0t 3.029-)9 2.487-04 4.390-08 ~.30.-03 1.593-04 3.712-03 (5 

'-
1.;00+08 1'.958-07 10179-01 1.939-05 2.376+00 1.189-01 2.613.0( , .346-09 '.771-04 2.913-01' 3.570-03 10786-04 3.926-03 Z 
2.»00,08 5.039-07 9.242-02 1.450-05 2 .48& +00 1.272-01 2.704-0[ 7.571-10 , .389-04 2.179-08 3.7"'1-03 1.911-04 4.06?-O3 '" ... ~.')on.08 2.239-07 ~.55'-02 9.646-06 2.61"00 1.377-01 2.814.0( 3.364-10 <;.843-05 10 449-08 3.9;>J-03 2.069-04 4.228-03 "It ... 

~ 4 .'lQO.08 1.260-07 5.1311-02 7.226-06 2.686~OO 1.441-01 2.881-,,)( 1.893-10 7.70!-G5 1.086-08 4.030-{)3 2.165-04 4.3:>"-03 0 
5.) 0 0+ 08 8.062-0! 4.247-02 5.777-06 2.736'00 1.486-01 2.927'0( 10211-10 6.:;81-05 8.680-0 " 4.111-03 2.233-04 4.398-03 :11:1 

n 6.IOn-08 5.599-08 3.636-02 4.811-06 2.772'00 10519-01 2 .960~OC 8.413-11 5.463-05 7.229-09 4.165-03 2.2~2-~4 4.448-03 ... ." .. P. .~OO-O8 3.149-08 2.840-02 3.606-06 2.820.00 1.566 -01 3.005+0~ 4.731-11 4.267-05 5.418-09 4.23!-Q3 2.353-04 4.51~-O3 
::I: ? 10100+09 2.015-08 2.336-02 2.1184 -06 2.851-00 1.598-01 3.034+0( 3.028-11 3.510-05 4.3:!3-09 4.284-03 2.401-~4 4.559-()3 0 

"" 
1.,00+0. e .958-09 1.632-02 1 .922~06 2.897 +00 1.646-0' 3.0 78+0~ 1.346-11 2.452-05 2.888-()9 4.353-113 2.473-~4 4.62~-O3 ..... 

;:. 2.IOO~09 5.039-09 1.263-02 1.4li1-06 2.922+0G 1.674-01 3.102+0t 7.571-12 1.898-05 2.165-119 & .3<11-0'1 2.515-04 4.66'-03 0 
3.&00+0. 2.239-09 8.781-03 9.604-07 2.949+00 1.7CS-01 3.1Z8-0t 3.~64-12 1.319-05 1.&43-09 4.4?1-03 2.5f2-~4 4.700-03 Z 

1:1 4.tOO+09 1.260-09 6.778 -03 7.202-07 2.964+00 1.723-01 3.143+00 1.&93 -12 1.018-05 ,.062-09 4.&5'-03 2.589-0& &.7;??-O3 '" I> 

~ 5.tCO'0. ~ .062-1 0 5.5&2-03 5.761-07 2.973'00 1.734-01 ~ .152+ 00 1.211-12 8.327-06 8.656-10 4.46!-03 2.605-~4 4.736-03 

6.tOO·09 ~.599-10 &.699-03 4.801-07 2.979'00 1.742-01 3.158+0( 8.4'3-13 7.060-06 7.21&-10 4.476-03 2.617-04 4.7&5-0'1 

< 8.t(,~+09 3.14'1-10 3.621-03 3.600-07 2.98B+OO 1.753-01 3.167+0,~ 40731-13 5.441-66 5.409-10 4.48'-03 2.634-04 4.758-03 
10 :- 1 •• 00+10 2.015-10 2.956-03 2.880-07 2.993·00 1. 76 0-01 3.172+0( 3.028-13 4.441-06 4.327-10 4.49'-03 2.644-04 4.766-03 

:.0 1.,00,'0 8.958-11 2.043-03 1.920-07 3.001+00 1.769-01 3.180.0t 1.346-13 3.070-06 2.885-10 4.509-03 2.651\-04 4.7711-03 

7.&00+10 5.039-11 1.571-03 1.440-07 3.005+00 1.775-01 3.184+0( 7.571-14 2.360-06 2.164-10 4.51 ;-03 2.667-04 4.7Q4-03 

Z !.~OO+10 2.239-11 1.083-C3 9.600-08 3.00 0 .00 1.780-0' 3.188+0( 3·364-14 ,.6~7-06 1.442-10 4.521-03 2.67&-r.4 4.79~-r.3 
0 

4.000+1 (\ 1.260-11 8.316-04 7.2110-08 3.011+0U 1.783-01 3.190'00 ,,893-14 10249-06 10082-10 4.52.-03 2.6 79-~4 4.793-03 

~ 5.lnO~10 8.062-12 6.772-04 5.760-08 3.t'12+00 1.785-01 3.191+0t 10211-14 10017-06 8.654-11 4.526-03 2.682-04 4.79S-0:! .. 6.100,'0 5.599-12 5.124-04 4.800-08 3.013+00 1.786-0, 3.192+0( 8.413-15 8.bIl0-07 7.212-11 4.527-03 2.6f~3-~& 4.796-03 -
00 e.eOO+l0 3.149-12 4.389-04 3.600-08 3.015+00 1.788-01 3.194+00 4.731-15 6.594-07 5.409-11 4.53~-03 2.686-04 4.790-(1'3 0 ... 1.teO+l1 2.015-12 3.571-04 2.8110-08 3.015+00 1.7"9-01 3.194-00 3.0('8-15 5.365-07 4.327-11 4.531-03 2.M8-04 4.79<1-0:.0 0-
0 W 



!- TAnl,!,; fl. Cros~ ~ect.ions a.ml rnnss :lUcnlla.t,k,n coefficient.s for t,hl) inrHvidna.~ and t,ot,a.1 phot.on a.l,om inteTa.}tion processes, 1 MeV to 100 GeV, 0 ... Z= t t.o tOO-Cont.intwd 0-
:r ~ 

~ 
n 210 sc. SCANDIUM lfrnnf. \IT. :: 4,.0559 MS'l/I<G .0013395£ ~'RNS/ATOM MULTIpLY ~SO/KG BV 1~ Fnq C~SO/G 

:r 
It PAIR PRODIlCTION ". n PROOUL fI 0'1 3 

SCA TT FR IIlG SCHTERtNG ... PIIlTON PIIOTO- NUCLEAR ELECTROII TOTAL PflOTC- NUClEiR ELECTRON IOHt .. 
:0- E 'f: RGY (O!'ERENT II/COliER. ELECTRIC rIElD FHlO COHERENT INCOMER. ELECTRIC F lEt,) FIElD 

1:1 
D ,V B/ITOM B IATOM B lATaH B IA TIlM 
:? 

~ /A TOH ilIA TOM HSO/KG MSO/KG HSO IKG MSO /«(; 'ISO/Kf. HSO IKG 

< 1.0)0+06 2.289-02 4.433+00 1.178-02 0.000 0.000 4.468+00 3.066-05 50938-03 1.578-05 o.ooe 0.000 5.9~S-03 

~ 1.0?2+06 2.192-02 4.3!!6+00 1.127-02 O.OLO O.OOU 4.419+00 2.936-05 5.875-03 1.510-0S 0.000 o.oo~ 5.920-03 
1.250+06 1.466-02 3.965>00 ;.629-03 3.983-03 n .000 3.991+GO 1.964-05 5'311-03 1.0n-05 50335-06 v.OOO 5 0341'-C 3 

;D 1.500+06 1.~19-02 3.605+00 ~.511-03 2.083-02 0.000 3.642+00 1.365-05 & .829-0 3 7.382-06 2.79 0-05 0.000 &.878-03 

Z ?OP~+06 5.733-03 3.077+0~ ;.&13-03 8.107-02 0.000 3.167+00 7.680-06 4.122-03 4.512-06 1.086-04 O.OOb 4.24 '-03 

!> ?O&&+Of, 5.489-03 3.039+00 30 297-03 8.736-02 O.OOil 3.135+00 7.3~3-06 4.071-03 4.&16-06 1.170-04 O.~O~ &.200-03 
,. ?,.~OO+C6 2.549-03 2.421+00 '.861.-03 2.2b7-01 8.473-04 2.6S3+~0 3.415-06 3.243-{j3 2.497-01:. 3.037-04 1.135-06 3.554-03 - 4.COO+Ob 1.434-03 2.020+01l '.261-03 3.HC-Ol 3.45"-03 2.390+00 10921-06 2.706-03 1.68<,.-06 4.876-04 4.633-06 3.2~2-03 

:0 5.000+06 ".178 -0 4 1.744'00 ~.472-04 4.857-C1 6.1I92-U3 2.238+()O 1.229-06 2.336-03 1.269-e6 6.506-0& 9.232-06 2.9<:'9-03 
CD 6.00(1+06 6.313-04 1.5£2+00 !.561-0& 5.9£&-~1 10058-02 2.148+00 8.537-07 2.066-03 1.(113-06 7.962-04 1.417-05 2.&78-03 
0 7.000+06 4.683-0& 1.386+00 6.282-04 6.91O-Cl 1.427-02 2.092+00 6.273-C7 1.857-03 8.415-0f 9.256-04 1.912-05 2.80~-03 

8.000+rob 3.585-04 1.261+00 ,.361'-0£ 7.780-01 1.784-02 2.058+00 £.802-(7 1.68'1-03 7.191-07 10042-03 2.390-05 2.756-03 
::J: 

9.rO~+06 2.833-04 1.159+00 •• 684 - 0& 8.567-01 2.126-02 2.038_00 3.795-(7 1.553-03 6.274-07 1.148-u3 2.848-05 2.73~-O3 c: 
1.0QO+07 7..294-04 1.074+00 •• 153-04 9.;;80-01 2.452-1)2 2.027+00 3'073-(7 1.439-03 5.563-07 1.243-03 3.2115-05 ~.71<;-03 1:11' 
1.100-07 1.896-04 1.0rz+Co h 729-04 9.928-01 2.760-02 2.023+00 2·540-(7 10342-03 4.995-07 1.330-03 3.697-05 Z.71~-03 1:11' 
1.200+07 1.593-04 9.396-01 ~0383-04 1.052+00 3.052-02 2.023+00 2.134-17 1.2:59-03 4.<;32-07 1.409-03 4 .0!~8-05 2.7n 9-03 m 
1.300+07 1.358-04 8.852-01 3.095-04 1.107+00 3.327-0 ;> 2.026-00 1.819-" 1.186-03 4.146-07 1.483-03 4.457-~5 2.714-03 I"" 

1.400+07 1.171-04 8.375-01 2.853-04 1.15{.+00 3.590-02 2.03Z+00 1. "'69-(7 1.122-03 3.822-~7 1.551-03 4.809-05 2.722-03 r 
1.500+07 1.020-0& 7.951-01 ?64S-0£ 1.206+00 3.838-02 2.040+00 1.366-H 1.06S-03 3.543-01 1.615-03 5.141-05 2.732-03 C') 
1.600+07 8.963-0, 7.572-01 2.465-04 1.251+0~ 4.075-02 2.049+00 1.201-17 1.014-03 30302-07 1.676-03 5.459-05 2.745-03 i 1.800+07 7.082-05 6.920-01 2.170-04 1.333+~O 4.515-02 2.070.Cu 9.487-(8 9.270-04 2.907-07 1.?II6-03 6.048-05 2 • 773-03 
2.000+07 ..,.736-05 6.382-01 1.938-0. 1.406*00 4.917-02 2.094+00 1.684-18 8.549-04 2.596-07 1.883-03 6.587-05 2.e~4-03 ~ 
2.200+07 4.741-05 5."28-01 1.751-04 1.472+00 5.286-02 2.118+00 6.351-IB 7.941-04 2.346-07 1.972-03 7.0111-05 2.PH-03 
2.400+07 3.984 -05 5.539-01 1.596-04 1.532+00 5.626-02 2.142+00 5.337-~B 7.420-04 2.138-~7 2.052-03 7.536-C5 2.nO-03 » 
7.600+07 3.394-85 5.201-01 1.467-04 1.587+00 5.941-02 2.167+00 4.546-!8 6.967-04 1.965-07 2.126-03 7.95M-n5 2.QC2-r,3 Z 
2.800'07 2.927-05 4.906-01 1.3S6-Q4 1.638'00 6.234-02 2.1<> 1+ 00 3.921-08 6.572-04 1.~16-07 2.-194-03 8.351-05 2.93~-03 0 
3.~OO+07 2.550-05 4.646-G1 1.262-04 1.685'(0 ~. 507-62 2.215+00 3.416-~8 6.224-04 1.691-07 2.257-03 8.716-C5 2."~7-03 '9 
1,.COQ'07 1.434-05 3.692-01 9.350-05 1.871+00 7.649-02 2.323>00 1.921-.e 4.946-04 1.252-07 2.514-03 1.025-04 3011'-Cl3 < 
5*(JOO*07 9.178-06 3.u82-01 7.426-05 2.0Z0.()0 8.,27-02 2.41&+00 1'229-08 4.128-04 9.947-08 2.706-03 1.142-04 3.233-03 m 
6.00n+07 6.374-06 2.655-01 6.1,9-05 2.132'00 9.232-02 2.490-00 8.538-69 3.,56-04 1i.250-08 2.R56-0~ 1.237-04 3.335-C3 ::u 
~ .~OO+07 3.5R5-06 2.r94-01 \ .591-05 2.298.00 1.031-01 2.611+00 4.802-19 2.605-04 6.150-08 3.0H-03 10381-04 3.497-03 1:11' 

1.000.08 ?.29&-06 1. 73~-01 5.659-05 2.418+00 1.111-0 1 2.703+00 3. 073-~9 2.328-04 4.901-08 3.23~-O3 1.488-r4 3.621-03 '9 
1.500+08 1.020-06 1.Z38-01 2.428-05 2.612+00 1.246-01 2.860+00 1.366-v9 1.658-04 3.252-08 3.49S-03 1.6['9-04 3.832-03 

2.000'08 5.736-07 9.705-02 1.816-05 2.731+00 1.333-01 2.961+00 7.684-'0 10300-04 2.'33-08 l.6Se-0 3 1.786-04 3.967-03 
3. ~Otl+O 8 2.549-07 6.878-02 1.208-05 2.871.00 1.441-01 3.084+00 3.415-'0 9.213-05 1.618-08 3.846-03 1.930-04 4.131-03 
4 .OOC+O~ 1.434-Gl 5.387-02 ~.04 7-06 2.952+00 1.508-01 3.157+00 1.921- 1 1) 7.216-05 1.212-08 3.954-03 2.020-04 4.22'1-03 
5.0~0+08 9.178-118 4.459-02 7.232-06 3.0(17+00 1.555-01 3.207+00 1.229-'1) 5.973-05 9.b8e-09 4.02R-0 3 2.083-04 4.2<16-03 
t.~O()+08 6.373-08 3.818-02 6.02&-06 3.046+00 1.589-01 3.2&3-00 8.537-'1 5.114-05 8.069-09 4.08(-03 2.129-04 I, .344-03 
P .rOO+08 ~.585-08 2.9~2-02 \ .515-06 3.1199+flO 1.638-01 3.293+00 4.802-11 3.995-05 6.048-09 4 .151-0 ~ 2.194-04 4.411-03 
1.~OO+O' 2.794-0! 2.453-02 ~.611-06 3.133+00 1.670-01 3.325+00 3.073-'1 3.286-05 , .837-09 4.19,-03 2 .237-~4 4.453-03 
1.500'09 1.020-08 1.713-02 2.406-06 3.183+00 1.720-01 3.372+00 1.366-'1 2.295-05 3.223-09 4.264-03 2.304-r4 4.517-03 
? .;]00+09 5.736-09 1.326-l!2 1.804-06 3.710+1)0 1.n9-01 3.39R~OO 7.684-'2 1.776-05 2.417-09 4. 3tlr-O ~ 2.363-04 &.552-03 
3.COO·O'l 2.S49-09 9.220-03 1.202-06 3.239+00 1.780-01 3.426+00 3.415-'2 1.235-05 1.610-09 4.33~-03 2.384-a4 4.590-C3 
',COO+O? 1,434-09 7.117-03 ;.017-07 3.255+00 1.799-01 3.442+00 1.921-12 9.534-06 1.208-09 4.36 (-0 3 2.410-04 4.6

'
1-03 

5.C 00+0'1 9.17S-10 5.P-19-03 7.213-07 3.266+00 1.810-01 3.453'00 1022'1-12 7.795-06 9.662-10 4.37~-03 2.425-04 4.6?,-O3 
6. to 0+0 9 6.373-10 4.934-03 ~.Ol1-~7 3.273+00 1.8n-o, 3.460+00 8.537-13 6.609-06 B.a5;>-10 4.384-03 2.437-04 4.635-03 
P.(OO+O' 3.5~5-10 3.802-03 4.508-07 3.282+00 1.830-01 3.&6Q+OO 4.802-13 ,.0<)3-06 6.039-10 4 .39~-0 3 2.451-n4 4.647-03 
1.COO+l0 2.294-10 3.104-03 >'606-07 :5028~' 00 1.837-01 3.47S+ao 3.073-13 4.158-06 4.83&-1(\ 4.£Ol-0· 2.t61-04 4.655-03 
1.100+10 1.0Z0-10 2.145-03 2.404-07 3.296+00 hI! 46-01 3.483+00 1·366-13 2.873-06 3.220-10 4.41~-O3 2.473-04 4.61\5-03 
2.(00+10 5.736-11 1.649-03 1.P.03-07 3.300+00 1.852-01 3.487+00 7.684-14 2.209-06 2.415-10 4.'2f-03 2.4&1-04 4.671-03 
3.rOC.,0 2.549-11 1.137-03 1.202-07 3.305 +00 1.857-01 3.492+00 3.415-14 1.523-06 1.610-10 4.&;>.-03 2.&P,P-04 4.677-03 
4.fOO+l0 1.434-11 R.732-04 9.014-08 3.307+/l0 1.861-01 3.494+00 1.921-14 1.170-06 1.207-10 4.43(-03 2.493-04 4.680-03 
5.~00+10 9.178-12 7.110-04 7.211-08 3.309'00 1.863-01 3.496+QO 1.229-14 9.52'-67 9.659-11 4.£33-03 2.496-04 4.61'3-03 
6.~00+10 6.373-12 6.010-04 6.009-08 3.310+00 1.864-01 3.497+00 8.537-15 8.051-07 8.049-11 4.43l-03 2.497-04 4.68&-03 
8.~OO+10 3.585-12 4.609-04 4.567-08 30311+00 1.865-01 3.498+00 4.802-15 6.174-07 6.037-11 4.43~-O3 2.49f,-n/, ' ~"' .. -
, .100+ 11 2.294-12 3.749-0& 3.605-08 3.312+1)0 1.867-01 3.499+00 3.073-15 __ 5-,,022-07 _ 1 •• ,,,0 -.~:.~JI-V~ 2.501-04 4.687-1):'! 



TAIlI,E 6. Cross sections and mass attenuation coefficient" for the indh-id'.la) l'nd tot,,) phot<"ln lIt"m inl'!no"m p~ 1 !>f~Y ~'" !'7(1 ("~ ... 
Z=l to tOO-Continued 

22. T I. T I TA II I UH AToP! Ie ~l. = 47.1!8 HSO/KG .0012~n4 llAHNS/ATOM 'UlTIPLY MSO/KG BY 10 FeR CH$O/C 

PATR PRODUCTION PJlR PROOUCTION 
SeA T T ER HI!; SCATTERING 

"HOTON 'HOTC- ~UClEAI! ELEe TRON TOTAL PHOI0- NIlCltH ELECTRON TOTAL 
ENERGY COHERENT II/COHER. E'_fCTR Ie F IElO F IflO COHHENT I NcOH[R. ELECTRIC FJELD FIelD 

[V B/ATOM 81 ATOH 3/1'0 M R fA TO I! AnTOl! B/ATOM MSO/KG KSIJ/KG "SO/KG MSO/K; HSO/KG Hsr/kG 

1.0ro< 06 2.590-12 4.643<00 1.469-02 0.000 0.000 4.664>00 3.258 -(IS S.840-~3 1.848-0S 0.000 0.000 5.291-03 ." 
1.022+06 2.480-02 4.594+00 1.4C6-02 O.COO 0.000 4.633+bO 3.119-05 S.77P-03 10 768-05 O.O~O o.oon 5.827-03 > 
1.250+06 1.65'-82 4.154+00 9.516-03 4.~27-03 0.000 4.185<00 2.087-05 5.225-03 1.197-05 5.568-06 0.000 5.263-03 ~ 
1.500-06 1.153-02 3.776+00 6.871-03 20302-02 0.000 3.817+00 1.45G-()5 4.749-03 11.642-06 2.895-05 G.IIOO &~801-03 
2.000+06 6.4e8-03 3.223+00 4.251-03 8.934-02 0.000 30323+00 t..160-06 4.dS4-03 S.-Ul-O" 1.12&-04 0.000 &.1~0-03 ~ 

z.1l &&+0 6 6.212-03 3.18&+00 &.107-03 9.626-02 0.000 3.291+00 7.8 t3-D6 &.005-03 5.166-06 1.211-~4 0.000 &.139-03 ::a 
3.000+06 2.885-03 2.537+00 2.320-03 2.492-01 8.876-04 2.792+00 3.629-06 3.1<)1-03 2.9H-06 ~.134-04 10116-06 3.512-03 :; 

P'" 
4.t'OO+06 1.623-03 2.116+1)0 1.568-03 3.998-C 1 3.624 -0 3 2.523+00 2.041-06 2.661-1) 3 1.972-06 5.028-U 4.558-06 3.173-03 m 
5.00C+06 1.039-03 1.828+00 1.177-03 5.331-01 7.220-03 2.371+00 1.307-06 2.299-03 1.480-1/6 6.705-04 9.081-06 2.982-03 :t 
6.00(1+06 7.21&-04 1.615+00 9.388-04 6.522-01 1.109-02 Z.280+00 9.073-07 2.031-03 1.181-06 8.203-1& 10395-0~ 2.868-03 > 7.0~0+O6 5.300-04 10452+00 1.797-04 7.5S0-01 1.494 -02 ~.226+00 6.666-07 1.826-03 9.807-07 9.5'H-14 1.87'}-r5 2.800-1)! 
8.000+06 4.058-04 1.321+00 6.661-04 8.532-01 1.868-02 ! .194+00 5.104-07 1.661-03 8.318-01 10073-&3 2.349-C5 2.759-03 2 
9. OO~+06 3.206-04 1.215+00 5.810-04 9.394-01 2.227-02 Z.178+00 4.032-07 1.528-03 7.307-(17 1.182-13 2.801-05 2. n9-03 0 
1.00h07 2.597-04 1.12S+1)0 5.151-04 10017+00 2.568-02 !.168+00 3.266-07 1.415-03 6.479-07 1.27<;-03 3. no-os 2.727-03 ~ 

1.1P~+07 2.146-04 1.050+00 4.624-04 1.088+00 2.891-02 ~.168+00 2.699-07 1.321-03 5.816-07 1.368-&3 3.636-05 ?726-03 0 
1.20"+07 1.803-1)4 9.844-01 40195-04 1.153+00 3 .196-02 ~.170+00 2.268-07 1.238-03 5.216-07 1.450-13 4.02i1-05 2.72 0 -03 ~ 

1.30)+07 1.537-04 9.274-01 3.838-1)!; 1021£+00 3.484-02 2.177+00 1.933-07 1.166-03 4.827-07 1.527-{3 4.382-0S 2.138-03 > 
P'" 

1040~+07 1.325-04 8.774-01 3.536-04 1.269+00 3.759-02 h184+00 1.667-07 1.104-03 4.447-07 1.596-~3 4.728-05 2.147-03 
1.5UP+07 1.154-04 8.330-01 3.278-0~ 1.322+00 4.020-02 1.196+00 1.451-07 1.U8-0J 4.123-07 1.663-(3 5.056-C 5 ?762-03 > 
1.(,00+07 1.0H-04 7.932-01 3.055-04 1.371+00 4.268-02 Z.207+00 1.275-07 '1.976-04 3.842-07 1.124-0 5. 368-~ 5 2.776-03 ~ 

0 1.800+07 8.015-05 7.250-01 2.689-04 1.460+00 4.728-02 1.233+00 1.00f-0] 90119-04 3.382-07 1.8~6-[3 5.947-05 2.8C8-0~ 
~ 2.IiOO+O? 6.493-05 6.685-01 2.~01-04 1.541+00 5.148-02 /.261+00 8.166-08 8.408-04 3.020-07 1.938-0 6.475-05 2.~44-03 

2.20,. 07 5.366-05 6.210-61 2.169-04 1.613+00 5.534-02 1.290+00 6.749-08 7.811-04 <,.728-07 2.029-C3 6.'160-05 2.R~P-03 n 
2.400+07 4.509-05 5.803-01 1.977- 04 1.679+00 5.890-02 Z.318+00 5.671-08 7.299-04 2.487-07 2.11<,-C3 7.1.01>-05 2.916-03 n 2.600+07 3.842-05 5.449-01 1.817-04 1.739+00 6.219-02 1.346+60 ".832-08 6.1'53-04 2.2b5-07 2.187-n 7.822-05 2.951-03 

" 2.800+07 3.313-05 5.HO-01 10680-04 1.7'15+00 6.526-02 2.374+00 4.167-0t' 6.465-04 ?.113-07 2.258-03 8.208-05 2 .986-03 0 
3.000+07 2.886-05 4 .~6 7-01 1.563-04 1.846+00 6.812-02 20401+00 3.630-08 6.121-04 1.966-07 2.322-C3 8.565-05 3002n-03 en 
4.00.+()7 1.62~-05 3.868-01 1.158-04 2.056·00 8.005-02 2.523+00 2.041-08 4.865-04 1 .4S('-() 7 2.586-03 10007-04 3.17'.-03 en 
S.00f'07 1.03'-05 3.228-01 9.196-05 2.<'12+00 8.923-02 2.624+00 1.307-08 4.()60-04 1~157-01 2.782-03 1.122-r.4 3.300-03 en 
6.00~+O7 7.214-06 2.782-01 1 .626-05 2.334+00 9.659-02 2.7G9+00 9.073-09 3.499-04 9.592-0& 2.936-03 1.215-04 3.407-03 m 
8.00~+O7 4.058-06 2.194-01 5.684-05 2.517+00 1.018-() 1 2.!'44+00 5.104-09 2.759-04 7.149-03 3.166-03 1.356-04 3.577-03 n 

~ 
1.00~+O8 2.597 -06 1.821-01 4.530-05 2.648+CO 1.162-01 2.946+00 3.266-09 2.29 0-04 5.698-08 3.3:<0-03 1.461-04 3.706-03 0 1.50(->08 1.154-06 1.297-01 3.n05-05 2.860+0(\ 1.302-()1 3.120+00 10451-09 1.631-04 3.779-0(, 3. 5~7-03 1063B -~4 3.924-03 

~ 2.00r+os 6.492-07 1.017-01 2.248-05 _ 2.989<00 1.392-01 30230+00 8.165-10 1.279-04 2.827-0' 3.759-G"i 1.751-P4 4.062-03 Z 
en ... 3.00(+08 2.885-07 7.2 ()6-0 .. 1.495-05 3.141+C·O 1.505-01 3.364+00 3.62'-10 9.063-05 1.880-01 3.951-03 10893- 04 4.2H-03 

". 4.0~O+OP 1.623-07 5.644 -02 1.120-05 3.230->00 10574-01 30444+00 2·041-10 7.099-05 1.409-0' 4.ij62-03 1.980-04 4.331-03 .,.. 
~ 5.00C+01! 1.039-07 4.672-02 8.~53-C6 3.Z89+CO 1.622-()1 3.498+00 10307-10 5.876-05 1.'26-06 4.1 :7-03 2.040-04 4.399-03 0 

6.000+08 7.214-08 &.00~-O2 7.~57-06 3.332+00 1.658-01 3.538+00 9.073-11 5.031-05 9.379-0< 4.191-03 2.085-04 4.4S0-03 :III 
~ 
". a.(\00+08 4.058-08 30124-02 5.;89-06 3.389+(0 1.708-01 :.591+00 5.104-11 3.929-05 7.029-0Q 1..26Z-03 2.148-04 4.517-03 ." ; 1.000+09 l.S<)7-08 2.570-02 4.170-06 3.426<00 1.74Z-01 :.626+00 3.('66-11 3.232-115 5.622-0' '.3C9-03 2.191-04 4.5"0-03 ::z: 

1.500+09 1.154-08 1.795-0.- 2.178-06 3.480+00 1.792-01 3.677+00 1.451-11 2.258-05 3.746-09 4.377-03 2.254-~4 4.625-03 0 .. 2.000+09 6.492-09 1.3119-02 2.233-06 3.509+00 1.822-01 3.705+(10 8.165-12 1.747-05 2.809-(19 4.41:'-03 2.292-04 4.660-03 ... .. 0 :"' 3.000+0' 2.885-09 9.659-03 1.188-06 3.541+00 1.8H-Ol 3.736+110 3.629-12 10215-05 1.8n-O~ 4.454-03 .. • 332-04 4.699-03 

5' 4.aoo+0' 1.6;> 3-09 7.456-03 1.116-06 3.558+00 1.873-01 3.753+00 2.041-12 '}.378-06 1.40&-09 4.475-03 2.356-04 4.720-03 Z 
S.OOO+C9 1.039-09 6.096-03 8.928-07 3.569+00 1.885-01 3.764+00 1.307-12 7.667-(16 1.123-0Q 4.489-03 2.371-04 4.734-03 CIl 

jJ 6.000009 7.214-10 S.169-03 7 •• 40-07 3.577+0& 1.8.3-01 3.771+00 9.073-13 6.501-06 9.358-H 4.499-03 2.381-04 4.744-03 

~ 
8.00(»O9 4 .058-10 3.983-03 5.580-C7 3.587+00 1.904-01 3.781+00 5.104-13 5.010-06 7.018-1( 4.512-03 2.395-04 4.756-03 
1.000>10 ~.S97-10 3.25<'-03 40464-07 30593+00 1.911-01 3.787+00 3.266-13 4.090-06 S.615-H 4.519-0~ 2.404-~4 4.763-03 

'.500"0 1.154-10 2.241-03 Z.Q76-07 30602+CO 1.921-01 3.796+(10 10451-13 7..826-06 !.743-1( 4.530-03 2.416-04 4.775-03 
~ ?OOO"() 6.492-11 1.728-03 2.232-07 3.607+00 1.927-01 3.801+00 8.'65-14 2.173-06 2.807-1C 4.537-03 2.424-04 4.71Q-03 

Z 3'000'10 2.885-11 1.191-03 1.4S8-07 3.611+00 1.932-01 3.805 +0 0 3.6Z9-14 1.49l!-O6 1.872-H 4.542-03 2.430-04 4.786-03 
!" 4.000,,0 1.623-11 9.147-04 10'16-07 3.614 .00 1.936-01 3.809+00 2.041-14 1.150-06 1.404-H 4.545-()3 2.435-04 4.790-03 

~ 5.000>10 1.039-11 7.4&9-04 8.~26-08 3.616+00 1.938-01 3.811+00 1.307-14 9.369-07 1.123-H 4.548-03 2 .1l37-~4 4.793-03 
6.000'10 7.214-12 6.7.97-C4 7.B8-0S 3.617+00 loQ39-01 3.812+00 9.073-15 7.920-07 9.355-11 4.54"-03 2'439-04 4.7'14-03 

:c; e.OOO',0 4.058-12 4.828-04 5.179-01' ~.618'00 1.941-01 3·813+00 5.104-15 6.072-07 7.017-11 4.550-03 2.441-04 4.795-03 0 
OIl 1.000>11 2.597-12 3.9"8-04 4 .~63-n8 3.61~+1I0 1.942-01 3.A 14+00 3.266-15 4.940-07 50613-11 4.552-03 2.44l-P4 4.796-03 0-
Ct UI 



~ TAliLE 6. Cross sections and mass aU,ennat,ion coefficients for the individual and total photon atom interaot.ion processes, 1 MeV to 100 GeV. .... 
"II Z=l to 10(}-.Continued 

0 ,.. 0-

~ 
0-

n Z " 23, V , V_'UOIUM ATOMIC YT. = 50.9415 KSIl/KG .0011~215 RARNS/ATOH MULTIPLY MSO/KG P' 10 Foq CMSO/f, ,.. 
• 
~ PAIR PWDIlCT 1011 PAIR PRODUC110N 

SCHT~R!NG SCATTERING 

'" ;t P~OroN PHOTO- NUCLEAR HEC TRON 101 AL P1l010- tlUClEH ELHTRON TOTH 

E ~ERGY (QHFRENT INCOHER. ElECTR IC Fino FIE LO COHERENT I NCOHER. ELEC1RIC rtHIl F IELO 

CI 
Q EV A fA TOM BlAlOM B/ATOM BlAlOM B IATOH B/ATO" MSO/KG "SOIK G "SaiKI; "SO/K(, HSO /Kr, HSO/KG 
F 
< 1.lrO+06 2.916-02 ~.a51""·Or. 1.~14-02 0.000 0.000 &.901+00 3.447-05 5.738-03 2""-05 r..oot 0.010 5.794-0~ 

l!- 1.122'06 ,.792-02 ~.ft03+00 1.736-02 0.000 0.000 4.848+00 3.301-05 5.678-03 2.052-(.'5 O.CQr. o.Ne 5.73'-03 

:.0 
1.150+(16 10868-02 4.342-00 1.P5-02 4.902-03 0.000 4.377'00 2.208-05 5.133-03 1.!64-05 S.H5-06 0.000 5.17S-03 
1.;00-06 , .298-02 3.~48-00 8.£79-03 2.535-02 0.000 3.99S-CO 1.534-05 4.667-03 1.00i-05 2.997-05 0.010 4.722-03 

Z z.lDo·a6· i.305-03 30370+00 5.241-03 9.804-02 0.000 3.4&1+00 8.636-06 3.984-03 6.19l-06 1.159-04 O.O~O 4.115-C3 

9 l.n4+06 •• 994-03 30328-00 5.064-03 1.056-01 0.000 3.446+00 8.268-06 3.934-03 5.98l-06 1.24B-04 O.QOO &.O7!-O3 

~ 
3.)OC+06 ~.248-03 l.6SZ+00 ~.S56-03 2.72E-ol 9.280-04 2.932+00 3.1'40-06 3.135-03 3.37f-!)6 3.225-04 1.0~7-~6 3.4M- 03 
4.;00+06 "827-03 1.212+00 1.929-03 4.373-01 3.788-03 2.657+00 2.160-06 2.615-03 2.2S(-01- 5.170-04 4.478-06 3.,41-03 

; 5.'00+06 , .11'9-03 1.911+CO 1.446-03 5.828-01 7.547-03 2.504+00 1.382-06 2.259-03 1.709-06 6.890-04 8.922-06 2.9[0-03 ... 6.10C+06 t,122-04 1.689+00 10154-03 7.126-01 1.,59-02 2.415+00 9.601-n7 1.997-03 1.36l-06 8.424-04 1>370-05 2.E5~-03 
0 7.)00_06 5.967-04 1.518-00 9.577-04 8.280-01 10562-02 2.363+00 7.054-07 1.795-03 1.132-06 9.78.-04 1.817-05 2.794-03 

8.'00_06 £.569-04 , .3~1+00 8.180-04 9.316-01 1.953-02 2.334+00 5.401-07 1.633-03 9.67(-07 1.102-03 2.319-05 2.75Q-03 
Q .)01)-1)6 3.610-04 1.270+00 7.134-04 1.C26+00 2.328-02 2.320-01 4.268-07 1.501-03 8.433-07 1.2B-O! 2. 7 l2-05 2.743-03 ::c 
1.~OO'07 2.92 4-04 1.177+QC 6.323-04 1.111<00 2.684-02 2.316+00 3.457-07 1.391-03 7.47~-01 10313-03 3.173-05 2.P"-03 C 
1.100_07 ;.417-04 1.097<00 5.675-0& 1.188+00 3.0;>2-02 2.316+0. 2.!!57-07 1.297-03 6. 70~-07 1.404-03 3.572-05 2.73B-03 IlII 

Ill' 
1.?nO+()7 ,.031-04 1.029+00 5.148-04 1.259+00 3.3&1-02 2.322+00 2.401-07 1.216-03 6.08t-~7 1.A8P-03 3.Q50-~5 2.745-03 m 
1 .~00+07 1.730-04 9.696-01 4.709-04 1.325-00 3.64Z-02 2.332-01 2.045-07 1.146-03 5.567-07 1.56~-O3 4.315-05 2.7~6-03 ... 
1.&00+07 1.492-04 9.172-01 4.33'1-04 1.386-00 3.929-02 2.343+00 1.761.-H 1.0B4-03 5.12~-07 1.6~~-O3 4.6.5-°5 2.77A-03 r 
1.500+07 '0300-04 B.708-01 4.022-04 1.£1.3-00 4'201-02 2.356+00 1.537-07 1.029-03 4.75~-01 1.l0~-O? 4.966-05 2.7"6-03 

" 1.,00+07 1.Hz-a4 0..293-01 3.74S-04 1.496+00 4.460-02 2.370+IH 1.350-97 9.804-04 4.01-07 1.768-03 5.212-05 2.1'.02-03 i 1.~OI)+07 <1.025-05 7.579-01 3.299-04 1.594-00 40940-1) 2 2.402-00 1.067-07 8.96n-~4 3.900-07 1.864-03 5.1>.£0-05 2.P3Q-03 

2.000'07 7.310-05 5.989-01 2.91,5-04 1.6fl.Co 5.379-02 2.434+00 8.642-08 8.262-04 3.4R1-07 1.91!7-()3 6.?~9-05 2.877-03 ~ 
2.200-07 6.041-05 5.1.92-01 2.660-01. 1.76C-00 5.782-02 2.4b7+QO 7.141-08 7.675-04 3 .14~-O7 2.0Bl-0! 6.835-~5 2.917-03 -
2.400+07 5.076-{}5 6.066-01 2.425-Q4 1.832-00 6 .15 ~ -0 2 2.509+00 6.001-08 7.171-04 2.867-07 2.166-03 7.275-05 2.956- 03 ~ 
2.~OO-07 1.326-05 ; .697-01 ".2U-04 IoP98+ 00 6.1.97-0;> 2.S33 4 /lO 5.114-0/~ 6.735-0& 2.63&-07 2.2h~-03 7.680-05 2.994-03 Z 
2.BOO-07 30 73 0-05 5.374-01 2.060-04 1.958+0C 6.817-02 2.564-00 4.409-08 6.353-04 2 .43~-07 7..31~-O3 8.059-05 3.031-03 0 
3.~OO+O7 30249-05 5.088-01 1.916-04 2.014-00 7.116 -0 2 2.594 +00 3.841-08 6.015-04 2.26~-07 2.381-0~ 8.412-05 3.067-0~ 

4 .~00+O7 .• 827-05 ~.043-01 1.420-04 2.242+00 8.361-02 2.730-00 2.160-0e 4.779-04 1.679-07 2.65n-03 9.8U-~5 3 .7.?7- 03 "9-
5.D~0+07 ' .170-05 3.375-01 1.127-04 2.413+00 9.318-02 2.844+00 1.383-0e 3.990-04 1.331-07 7. .8S3-Q3 1.182-"4 3.362- 03 < 
6 .~OO+07 E.l i'2 -16 1.908-01 9.346-05 2.5&6-00 1.009-01 2.938+0. 9.601-09 3.438-04 1.10!-!)? :.Ol~-03 1.1~3-D4 3.47~-03 m 

:IIJ 
8.0nO'07 1 .S6~-06 2.293-01 6.966-05 2 .744 + 00 1.126-01 3.086+00 5.401-09 2.711-04 iI·.23~-OI' 3.2£&-03 1.331-04 3.648-03 IlII 
1.000+08 1.'724-06 1.904-01 5.552-05 2.887+00 1.212-01 3.199+00 3.457-09 2.251-04 6.563-08 3.413-0~ 1.433-04 3.781-03 "9-
1.500+0S '.299-06 10356-01 3.682-05 30117-00 1.358-Cl 3.388+00 1.536-09 1.6C3-04 4.353-08 3.61'5-03 1.605-r4 4 .C~6-03 
2.00n+O!! 7.309-07 1.063-01 2./55-05 3.257+00 1.452-01 3.5 ()9 -00 6.640-10 1.257-04 3.257-08 3.850-03 1.716-04 4.148-03 

! .~~O+O8 3021.9-07 7.533-02 1.832-05 3.422+00 1.568-01 3.654-00 3.841-10 8.905-05 Z.16i-08 4.C45-Ct5 1.814-04 4.320-03 

'I .~no ... ('J8 ' .827-07 5.900-02 10372-05 3.519-00 1.639-01 3.742-00 2.160-10 6.975-05 1.622-1)8 4.ttO-03 1.938-04 4.424-03 
5.000+08 .• 170-07 4.884-02 1.097-05 3.582-00 1.689-01 3.800+00 1.383-10 5.774-05 1.297-08 4.234-03 1.9·7-~4 4.£Q2-03 

t .~OC-08 S .122-08 4.1~2-02 9.136-06 3.628-00 1.725-01 3.842-00 9.601-11 4.944-05 1.08'-06 4,289-03 2.039-04 4.547.-03 
~.~OO-O8 .. 568-08 3.266-02 6.848-06 3.b89-00 1.776-01 3.899+00 5.400-11 3.861-05 8.09!-0'l 40361-03 2.0 Q9-04 4.610-03 
1.000+09 l.924-08 1.687-02 5.476-06 3.729+00 1.811-01 3.937-00 3.457-11 3.176-05 6.47:-09 4.411~-{11 2.1A1-04 4.654-03 

1.50~-09 , .299-0e 1.876-02 3.649-06 3.787-00 1.863 -01 3.992+00 1.536 - 1 1 2.218-05 4.311-09 £.477-03 2.202-04 4.7;9-03 
(.000·09 7.309-09 1.452-02 2.736-06 3.818-00 1.892-01 4.022-00 R.640-12 1.716-05 3.23l-09 &.513-03 2.237-C4 4.754-03 

3.~OO+O9 3.249-09 1.010-02 1.824-06 3.853+00 1.925-01 4.05b'00 3.841-12 1.194-05 2.156-09 1,.555-03 2.276-04 4.794-03 

4.000+09 1.827-09 7.7<;5-03 1.367-06 3.871+00 1.94S-01 4.073+00 2.160-12 9.215-06 1.6H-09 4.576-03 2.2°9-04 4 .~15-03 
5.000+09 1.170-09 &.373-03 1.0'14-06 3.883-00 1.957-01 4.085-00 1.383-12 7.534-06 1 ~2~~-0'l 4.590-03 2.313-04 4.829-03 

6.0nO-09 8.122-10 5.404-03 9.115-07 3.P91+00 1.965-01 4.093+00 'i.601-13 6.38p-06 1.01£-09 4 .600-0 ~ 2.323-04 4 .83R- 03 
8.000.09 4.568-10 4.164-03 6.836-07 3.901-00 1.976-01 ~.103-00 5.400-13 4.922-06 8.~8'-10 &.612-03 2.336-G4 4.8S~-03 

1.000+10 1.924-10 3.400-03 5.469-07 3.90~+00 1.983-01 4.110+Q~ 3.457-13 4.019-06 6.46~-10 ".620-03 2.304-04 4.!!58-03 

1.50~-10 1.299-10 2.349-03 3.646-1)7 3.",7-00 1.993-01 4.119+00 1.536-13 2.717-06 4.3H-l0 4.(31)-03 2.3It-04 4.~69-03 

l.OOO+10 7.309-11 1.R06-03 2.734-07 3.922 +1)0 1.999-01 4.124+00 8.640-14 2.135-06 3.232-10 4.6:"6-03 2.363-04 4.875-03 

3.000+10 J .249-11 1.246-03 1.823-07 3.928+00 2.005-01 4.130+00 3.841-14 1.473-06 2.15~-10 4.643-0 :3 Z.370-r.4 4.P82-03 

4.CO~+10 '.827-11 9.563-0£ 1.367-07 3.930+00 2.008-01 4.132-00 2.160-14 1.130-06 1.(,16-10 4.646-03 2.374-04 4.8~4-03 

5.000+10 1.170-11 7.788-04 1.094-07 3.932+00 2.010-01 4.134+00 1.383-14 9.207-07 1.29j-1G 4.648-03 2.~ !h-fl', ~ _:::::- u..; 

6.COO·'0 80122-12 6.583-0~ ':'.113-08 3.'133+0C 2.011-01 4.13,+00 9.601-15 7.71\2-0.7 1 ... n"''Y· -:-:- 4 .0ll.'1-U j 2.377-04 4.BP8-03 

P .• OOO+l0 4056/1-12 5.048-04 6.f'35-08 3.935-00 2.013-01 4.1~7 ... t\ll r , ... - .--' - ~.967-07 8.0BO-l1 " .652-03 2.380-04 4.B9n-03 __ ... vu-I:J 

1.000-11 1.'124-12 4.10?:-_0_4 5.46.R-n~- ":t. ~ :-~-:-: -;- .. £ ,\11 4-':0-1 4.138+00 3.457-15 4.8S5-07 6.461-11 4.653-03 2.3fl-04 ~.R9?-03 



TAllLE 6. Cross sections and mass att~nuation coeffi~icnts for the Individuai ~dtota1 photon atom interaction p~ 1 M~V tOlOOGeT~' 
Z=lto 10~Continued . . . ' . 

24, CR. CHROMIUM AToM H' 1/10 = 51.996 HSO/KG • oc11s817 BARNS'ATOM ~UlTtPlY H,Q/KC. py io FO~ C"SO/G. 

PAIR rR[lDUCTjON PAIR PRODUCTION 
SCATTERING SC ArIEl! INC 

PHOTON ?HoTO- HICLEAR ELECTRON TOTAL pHoro- NUCLEAR El[CTROM. rOTAl 
[NERCY rOHE~ENr INCIlIlER. [:.EtTR Ie OElO FlElIl COIIERENT IHCOfIER. ELECTRIC FIElD nELb 

EV PlArOH BIATOll 8IATIl~. RIATOII !J II. TOI! B/ArOll IISO/KG liSa/KG HSO/Kt HSO/K; HSOIKG I1S0 IKG 

1.00~.O6 3.21'2-02 S.065+UO 2.217-{}2 O.OO.lf 0.000 5.120+00 3.790-05 5 .866~O3 :1 .56l!-~S 1I.01l0 0.000 5.930-03 " >-
10022+06 "!.133-02 5.011+00 2.121'-02 0.000 0.000 5.064+00 3.629-'05 5.1104-03 2.456~05. 0.000 '0.000 S.864~03 !i 1.250>06 2.097-02 4.5.31+00 1 .4~5-0.2 5.409-03 0.000 4.5720.00 2.429-115 5.2&8-03 1.662-05 6.265':'~6 0.000 S .29.5-03 
1.500+06 1.45.7-02 40119+00 1.036-02 2.782-0. 0.000 1,.172.00 10687-05' 4.77'1-03 1 .200,..05 3.22Z-~5 0.000 4.837.-03 -t 
2.0!lO+O6 '!.20~,.03 3.S16+~O 6.397-03 10072-01 (l.nol) 3.638+00 9.497-06 4.072-6.3 7.409-M 1.242-').& o.nou· 4.213-03 lG 
;>.04&+06 7.851-03 3,473+00 1).180-03 1.154-01 0.000 3.602+00 9.093-06 4.ozi-03 7 •. 158-06 1.3:17-)4 0.000. 4.172-03 :; 
3.00~"06 3.646-03 2 .767+0" 3.4l1,,..03 2.976-01 9 .68 3-04 3.073+00 4.223-D6 :3 .Z05-03 4.C32-06 3.447-~4 10121-06 3.559-03 .. 
4.000+06 2.051-0~ 2.3!)8+~0 2.349-03 4 • .765-01 3.953-03 2.793+00 2.375-06 2.673-03 2.721-06 5.519-)4 4.578-06 ~.235-03 1ft 

-t 
5.300+06 1.313-03 1.99·4H10 1.161~~~ 6.346-01 7.!\7~-03 2.640+00 1.521-0b 2.309-03 2.040,.06 7.350-34 9.121-06 3.057-03 . 
6.oil~+06 9.117-04 1.762+00 1 .403-~3 7.756-01 1.209-02 2.552+00 1.056-06 2.041-03 1.625-06 8.983-04 1.6 Pu-o.S 2.956-03 > 
7.CDO+06 6.698-04 1.584+00 1.165-03 '.010-01 10630-02 2.5113+00 70757-07 1.835-03 1.349-06 1.0u-03 10888-05 2.8Q9-03 Z 
~. 000+06 5.129-04 1.441+1)0 9.946-04 1.014·HI0 2.038-02 2.477+00 S.940-07 1.669-03 1.15<'-06 1.174-&·3 2.360-05 2.869-03 Ij 

9.00~+06 4.052-&4 1.325+00 8.672-04 10116.00 2.428-02 ~.467·00 4.693-07 1.535-(13 1.004-116 1.2')3-13 2.812-05 " .S57-03 

0 1.nOn+07 3.2112-04 1.228+00 7.684-04 10208+01) 2.800-02 2.465+00 3.801-07 1.422-03' 8.899_07 1.399-n 3.243-05 2.1>55-03 
1010)+07 2.713-04 1.145+00 6.897-04 1.292+ DO 3.1S2~02 2.469+00 3.142-07 1.326-03 7.988-07 10496-13 3.651-05 2.860-03 ): 1.20)+07 2.219-04 1.07'->00 6.254-04 1.369+00 3.485-02 2.479+00 2.639-07 1.244-03 1.243-07 1.S~6-t3 4.036-05 2.871-03 
1. 3~').07 1.942-94 1.012+00 5.721-04' 1~'40.00 3.799-02 ?491+00 2.249-07 1.172-03 l: .626-07 1.668-0~ &.400~O5 2.885-03 .. 
1.40)+07 1.675-0i. 9.571-01 5.270-04 10501+0tl 4.098.-02 l ;506*00 10940-07 1.108-03 6.1N-07 1.74S-t3 4.746-05 2.902-03 >-1.S01+n 1.459-04 9.087-01 4.81l5-04 1.568+.00 4.382-02 ?~521'OO 1.690-01 10052;-03 5.658':'07 10816-03 5.075,.05 2.920-03 ... 
1.6M·07 1.2112-04 B .653-01 4.553-04 1.626·00 4;652-02 ~ .538·00 1.485':'07 1.002-03 5.27.3-07 1.883-~3 5.388-05 2 •. 940-03 0 
1.80H07 1.01.3-04 7.909-01 4.006':'0! 1.733->00. S.153-0? Z .576+00 1.173-07 9.160-04 4.64.(,:"07' ?OO·7-63 s.9tS-05 7. .9P3-03 ~ 
z.OO?+07 8.206-05 7.293-01 3.57(,-04 1.827+00 5.610-02 Z.613+00 9.504-08 6.·447-04 4'.142-07 2.116-03 6.&97.,.05 3.0.26-03 n 
2.20~+07 6.782-05 6.774-01 3.229-04 10913+00 6.030-02 2.651+00 7.855-08 7.845-04 '3.74o-o.i 2.216-tJ '6.984-05 3.070-03 
2.4~O+07 5.699-05 6.330-01 2.944-G4 10'191+00 6.417-02 106S9+00 6.600-08 7.331-04 3.410-()7 2.30f.-'3 7.432-05 3.114-03 n 
2.60h07 4.856-05 5.944-01 2.705-04 2.062+00 6.776:"02 Z. 724 '00 5.624-08 6.1>.8&-114 3 .• 133-07 7..38&-0> 7.848-05 :i.155-0.3 lIIJ 

?80'+07 4.187-0S 5.607-01 2.501-04 2.12f+OO 7.109-02 2.760'00 4.~H.-08 6.494-0& 2.897-07. 2.465-~3 8.233-05 3.197-03 0 
3.001+01 3.647-05 5.310-C1 2.326-04 2.HI9+0r.' 7.'20-02 . 1.794+00 &.<'74-'011 '6.150-04. 2.694,.07 2.53~-~3 8.594-05 . 3.236-03 C/\ 

C/\ 
4.~{)C+07 2.052-05 4.219-01· 1.723-!!4 2.436+00 1'.717-1)2' Z.945+00 20317-08 /, .8116-04 1.996-07 2.8<,1-13 1.010-r,4 3.411-03 

C/\ 
5.000+07 1.~13-05 3.522-01 1.368-04 2.621+00 9.712-02 1.070+0C 1.521-n8 4.D19-04 1.584-01 3.0"6-f3 1.125-04 3.556-:03 1ft 
6.0lH+07 ?111-06 3.034-01 1.134-04 2.766+00 1.051-01 30175'00 '.056-08 3.514-~" 1 0313-07 3. 2 0":" f';! 1.217-04 3.677-03 n 
1!.~O"07 5.129-06 2 .393-01 'l.4S2-G5 2,982+01) 1.173-01 30339+00 5.940-09 2.712-04 9.789-0a 3.454-1" 10 359-04 3.867-03 -t 
1.000+01' 3.282-06 1.986-01 6.736-05 ;.136+00 1.262-01 30461+00 3.801-09 2.300-04 7.801-0~ 3.637.-~3 1.462-04 4.008-03 (5 
1.S0'+0e 1.45<1-06 10&15-01 4.468-115 3.386+00 1'.413-01 3.669+00 1.690-119 1.6~9-04 5.175-08 3,97.2-(3 1.637-r4 4.2&<1-03 Z 

i- 2.000'08 8.205-07 1.109-01 3.342-05 3.537+ 0 0 1.509-01 3.199+00 9.51)3-1(. 1.284-0& 3.871':'O~ 4.096-(3 1.748-04 4.400-03 C/\ 

." 3.00 •• 08 3.641-07 7.861-02 2.272-05 3.71S+00 10628-01 30956+00 4.224-11) 9.104-05 2.S 73~O. 4a30!-(3 1.1'86-04 4.5112-03 "II ,. t..OO~+OIj 20951-07 6.157-02 1.665-05 3.8H!+OO 1.701-01 '.OSO+OO 20375-10 7.131-05 1.928-0a· ~.422-{3 1.970-04 4.690-03 0 
~ 5.0(11+01\ 1.313-07 5.096-0 Z 10331-05 3.886+00 1.751-01 •• 112+00 1.521-10 5.902-05 1.542-08 '4.501-6"- 2.028.-n4 &.762-03 lG 

n 6.01lh08 9.117-06 4.364-02 1.108-05 3.ns+OO 1.188-01 .. 157*00 10056-10 5.054-0.'; 1'0283-03 40557-~ 3 2.071-04 '4.815-03 
'V ,. ~ .nIH+1)1! 5.12/1-08 3.408:"02 11.307-06 4 .GO·1 +00 1.1';3'-01 .. 219+00 s.'n9-11 3·'il41-115 9.621.,.O~ 1 .. 634-~3 2.t30-~4 4.1.'~6~03 :t . • 10 OO~.O' 3.282-08 2.II04-C2 6.643-06 ~ .043+00 1.873-01 •• 258+CO 3.80f-11 3.248:"U5 7.694-09 1..61!~.,0 3 2.'69-04 4.932-,0·3 

~. 0 
11 SP(+09 1.459-08 1.95/!-02 4.426-06 4.105+00 1.924-01 4.317+00 . t.69C-.11 2.268-05 5.126-09 40754-03 2 ~228.,.O4 5.000-03 -t .. 2.0P{+09 P. ~20S-09 1.515.,.02 3.319-06 4 .139~00 1.954-01 .•• 350+00 ,.sn3-12 1.755-05 3.844-0/ 4.794-03 2.263-04 5.038-03 0 

~ 3.000+09 3.647-09 1.054-02 2.212-06 4,115+0V 1.98t.:"01 , .384+00 4 .224-12 1.221-05 2 .562-09 '"835-03 2.300-04 5 .07B~03 Z 
1:1 4.00H09 2.051-09 8.134-03 1.659-06 4.195+00 2.005-01 4.404+00 2.375-12 9.421-06 1.97.1-09 4.859-03 2.322-04 5.100-03 til 

a 5. OO~+O9 1o~13-09 6.650-03 1.327-&6 . 4.2&7+80 2.016,..01 .. 415+00 10521-12 7.702-06 1.537-09 4.872'-.03 2.335-04 5.114~03 
,if 6.00(+09 . 9.117-10 5.639-03 1.106-06 4.216+00 2.024-1'11 &.421.+00 10056-12 6.531-06 1.281-09 4.883-0:- 2.344-04 5.124-03 

~ 
8.00(+0' 5.128-10 4.345.,.03 P',.293-117 4.227+00 2.035-01 .. 435+00 5.939-13 5.032-C6 9.605-11 Ii .8'16':'03 2.357-04 5.136-03 
1eOO~+1 0 3.2e2-10 3.SH-03 6.634-07 4.2~4+00 2.042-01 l.442+00 3.801-13 4.1118-06 7.683-1 " 4.904-03 . 2.365-04 5.144-03 
1050~+10 1.459-10 .2.452-03 4.'22-07 4.244+00 2.052-01 · •• 452+00 1.690,..13 2.840-06 5.121-1<) &.91S-03 2.371-04 S 0156-03 

,0 2.00~+10 8.205-11 10885-03 3.317-07 1 .. 250+00 2.051,..01 ,.1.58'00 9.503-14 2.1113-06 3.842~1<l 4.927.-03 2.31!2-04 5.163-03 

Z 
3.000 .. ,0 3.647-1-.1 1.300-03 ".~11-07 1 .. 255+00 2.062-01 ~.463+00 40224-14 1.506-06 2.S61-to 4.928-03 2.388-04 5.168-03 

~ 4.00~+10 2.051-11 9.9,'79.:.04 1.658-01 4.258+00 2 .• 066-01 ,.466 +00 2.375-14 1.156-06 1.9:?O-H 4.9:!2-03 2.393-04 50172-03 

or. 
5.000+10 1.313~11 8.126':'04 1.527-(17 4.26~+OO 2.068-01 "'68+00 1.521-14 9.411-07, 1.537-10 4.934-03 2 ~395-0'. 5.174-03 
6.000+10 9.111-12 6.869-04' 1.105-07 4.261+00 2.069-01 t.469+00 1.056-14 70956-07 1.280:"10 4.935-'03 2.396-04 S .17.5-03 ... 

0 ~.OOO.1O '5 ~128-12 5 .Z(,j~06 8 .~91-08 4.263+00 2.071-'01 ~.471+00 5.939-15 6.100-07 9.602-11 4.937-03 2.399-:04 5.178-03 0 
10000H1 3.282-12 4.285.:.04· .. 6.533""08' 4.214+00 2.072,111 t .• 47Z >00 3.8Q1-15 4,.963-07 . ,7.682-11. &.9!~~03 . 2.4~~-:04 ·'j~J9".3 

0;. 
«I . ..,.. 
9 



!- TABLE O. Cross sections and mass attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV, -0 
~ Z= 1 to 10()'-'Continued 0-

~ 
II) 

n 25. MN. M_NGANESE ATOM IC Ill. ~ 54.'1380 MSO/KG .0010'1615 BARNS/_TOM ~UlTlPlY HSO/KG ~y '0 ro~ CMSO/C 
:T 

~ PA lR PRODUCT ION PAIR PRODUClJON 
SCHTfPING SCHTER ING 

'" ~ PHOTON PHOTO - ~UCLEH ELECTRON TOTAL PHOTO- NUClEAR ElI'CHON TOHL 
E NERG V COHERENT I~COHB • ELECTRIC FIElD FTUD COilE Rf N1 INCOHER. ElE CTll 1 C FIElO FIELD 

C 
D EV ~/ATOH 11A TOM e/HOM e /A TOM • BO TOM B/HOH ~SO/KC HSO/KG MSO/K[ HSO/KG M~c;rr, H SO /KG 
J!i 
< 1.000+06 3.650-02 5.275+00 2.689-02 ~.OOO 0.000 5.338+00 4.C01-05 5.782-0:- 2.948-05 O.OOU o.ooe 5.852-03 

!!- 1.022+C6 3.4'15-02 5.220+00 2.573-0? ~.OOO 0.000 5.281+00 3.831-05 5.127-03 2.820-05 0.000 0.000 5.7B8-03 

~ 
1.250+06 2.339-02 4.719+~0 1.740-02 ).947-r3 0.000 4.766 +00 2.564-05 5.173-03 1.907-05 6.519-06 0.000 5.224-03 
1.~nO+06 1.625-02 4.291+00 1.255-0? h043-02 0.000 4.350+00 1.781-05 4.704-03 1.376-05 3.336-05 O.OOC 4.76 n -03 

Z 2.000+06 9.146-03 3.663+00 7.748-03 1.166-01 0.000 3.796+0(1 1.003-(15 4.015-03 8.1.'13-06 1.278-04 o .001l 4.162-03 

!' ?.OM.+06 P,.757-03 3.617+0(1 7.484-03 1.255-01 0.000 3.759+00 9.59'1-06 3.965-03 8.2()4-16 1.376-04 o.nou &.120-03 

.~ 3.000+06 4.067-03 2.8"7+00 4.211-03 3.235-01 1.009-03 3.215+00 ,.458 -06 !.159-03 4.616-16 3.546-04 1.106-06 3.524-03 
4.VOO+OII 2.288-03 2.405+00 7.839-03 5.173-01 4.118-03 2.932+00 2.50B-06 2.636-03 3.112-1(' 5.670-04 4.514-06 ~.2B-03 

; 5.000+06 1.&64-03 2.077-00 7.127-03 b.~87-01 8.203-03 2.777+00 1.605-06 2.277-0:- ? .332-~6 7.549-04 8.-92-06 3.045-03 
... 6. 000+ 06 1.017-03 1.836+00 1.695-03 a.414-01 1.259-02 2.693+00 1.115-06 2.013-03 1.!l5~-96 9.223-04 1.380-05 2.'152-03 
0 7.000-06 7.472-04 1.650+00 1.406-03 9.771-01 10697-02 2.646+00 8.190-07 1.809-03 1.541-16 1.071-03 1.860-C5 2.901-03 

8.000+06 5.721-04 1.501-00 1.200-03 1.099+00 2.122-02 2.623+00 6.271-07 1.645-03 1.315-06 1.205-0! 2.326-05 2.875-03 
9.0eO-06 4.520-04 1.3~0-00 1.046-03 1.210+00 2.529-02 2.617+00 4.955-07 1.513-03 1.1& 7-1l. 1.376-03 2.772-05 2.868-03 :t: 
1.000+07 3.661-04 10 279+00 9.269-0& ,.310-00 2.916-02 2.619+00 4.013-07 1.402-0~ I.C16-16 1.436-03 3.196-05 2.671-03 c:: 
1.100-e7 3.026-04 101Q3-~0 8.318-04 1.401+00 3.283-GZ 2.62B-OO 3.317-07 1.308-03 9.118-17 1.536-03 3.599-05 2.8~1-03 \iii 

1.200+07 2.543-04 1.119-00 7.542-04 ,.4~4+00 3.629-02 2.640-00 2.788-07 1.227-03 R.Z67-17 1.627-03 3.976-05 Z .894 -03 \iii 
1ft 

1.300- 07 2.167-04 1.054+00 b.~98-04 1.561'00 3.956-02 2.655+00 2.375-07 1.155-03 7.561-07 1.711-0~ 4.336-05 2.911-03 ,... 
1.40r+07 1.868-04 9.970-01 6.354-04 , .633+00 4.267-02 2.673+00 2.041>.-07 1.093-03 l' .965-07 10 79~-0 3 4.677-05 Z.9~1-03 r 
1.500+07 1.627-04 9.465-01 5.889-04 1.699+00 4.563-02 2.692+00 1.783-07 1.038-03 6.~55-07 1.862-0~ 5.002-05 2.951-03 ~ 
1.600+07 1.430-04 9.014-01 S.48&-04 ,.762+011 4.844-02 2.713+00 1.567-07 9.881-04 6.016-17 1.931-03 5.310-05 2.973-03 i I.BOO+07 1.130-04 8.2!8-01 4.826-04 , .677+00 5.365-02 2.755+00 1.239-07 9.030-04 5.?Q2-C7 2.057-0:- 5.B81-05 3.020-03 
2.000+07 9.154-05 7.597-01 4.~10-04 1.980+00 5.841-02 2.799+00 1.003-07 8.327-04 , .714-17 2.170-03 6.403-05 3.06P-03 ~ 
2.<,00-r7 7.565-05 7.057-01 3.892-04 2.072+00 6.278-02 2.841+00 e .292-0t 7.736-04 4.266-H 2.271-03 6.882-05 3.114-03 
2.400+ 0 7 6.357-05 6.594-01 3.5&7-04 2.157+00 6.6el-02 2.eS4+00 6.9fo8-rot 7.228-04 3.888-17 2.3M-03 7.323-05 3.1111-03 > 
2 .60~+~7 5.416-05 6.192-Gl 3.259-C4 2.234+00 7.053-02 2.924+00 5.937 -08 /) .787-04 3.572-~7 7.449-03 7.731-05 3.205-03 Z 
2.800+07 4.670-05 5.841-01 3.013-04 203n5+0G 7.400-02 2.963+00 5.119-08 ".~03-04 3.303-07 2.527-03 8.112-1'5 3 .24P -03 0 
3.000+07 4.0loe-05 5.531-01 2.802-04 2.371+00 7.723-02 3.002+00 4.459-~3 6.063-04 3.071-07 2.590-03 8.466-05 3.290-03 

4.~OC+07 2.2M-OS 4.39~-OI 2.075-04 1.638+00 9.071-02 3.168+00 2 .508-0~ 4.B18-04 2.275-H ?B<;2-03 9.943-05 3 .473-03 '& 
5.nryO-07 1.465-05 3.669-01 1.648-04 1.P39+CO 1.011-01 3.307+00 1.606-0S 4.022-04 1.806-07 3.112-0~ 1.108-~4 3 .62S -03 < 
6.000+07 1.GI7-05 30161-01 1.366-04 ... '95+1)0 ,1.0'13-01 3.421-00 1.115-03 3.465-04 1.497-,07 3.20-03 ,.,98-04 3.749-03 ,1ft 

lD 
~.OOO·O7 5.771-06 2.493-01 1.018-04 3.np+OO 1.219-01 3.59'1+00 11.271-09 2.733-04 1.116-07 ;.53P.-03 1.336-04 3.945-03 III 
1.000-011 ~.661-06 2.069-01 ~.111-05 5.395+00 1.312-01 3.733+00 4.013-0Q 2.268-04 8.B91-0F. 3.7?1-03 1.438-~4 4.092-03 '& 
1.500-0~ 1.6?7-06 1.473-01 5.3~0-05 3.664+00 1.46B-Ol 3.958.00 1.783-0q 1.615-04 5.P.97-t8 4.016-03 1.609-04 &.330-03 
Z.OOO-Os 9.153-07 1.155-01 &.024-05 50827+00 1.568-01 4.099+00 1.003-0Q 1.266-04 4.41'-0B 4.195-03 1.719-04 4.4'14-03 
3.000-08 4.068-07 8.18'-02 2.676-05 1.011'_00 1.691-~1 ~.269+00 ,.459-10 8.976-05 2.933-011 6.1.04-03 1.854-~4 4.67"-03 
4 .000+011 2.288-07 6.413-02 2.004-05 ~.1?9_00 1.766-01 4.370-00 2.508-10 7.030-05 2.197-08 6.526-03 1.936-04 4.7'10-03 

5.000-08 1.465-07 5.3r9-02 1.602-05 1.202+00 l.eI8-01 4.437+00 1.606-10 5.!19-05 1.7~6-08 4.606-03 1.993-04 4.864-03 
6.0110+08 1.017-81 4.545-02 1.334-05 1.254+00 1.856-01 4.485+00 1.115-10 4.982-05 1.462-08 4.663-03 2.034-04 4.916-03 
e.000+08 5.721-08 3.550-07 1.000-05 ~.324+00 1.910-01 4.551+00 6.271-11 3.891-05 1.096-08 4.740-03 2.094-04 4.988-03 
1.000+09 3.661-08 2.921-02 7.998-06 ,.370.00 1.945-01 4.594+00 4.013-11 3.202-05 8.767-09 4.790-03 2.132-04 5.035-03 
1.500+09 1.627-011 2.040-02 5.329-06 ,.436+00 1.'199-01 4.656+00 1.71\3-11 2.236-05 5.841-09 6.863-03 2.191-04 5.1~4-03 

7.000+09 9.153-0'1 10579-02 3.996-06 "472 +0 ~ 2.030-01 ~.691+00 1.003-11 1.731-05 4.380-09 4.902-03 2.225-04 5.142-03 

3.000-09 4.068-1'1 10 0'18-02 2.663-06 ~.51t+OO 2.063-01 4.728+00 4.459-12 1.204-05 2.919-09 4.945-03 2.261-04 5.1 P 3-03 
4.000+09 2.288-09 8.473-03 1.997-06 ~.537+00 2.083-01 4.749+00 2.50B-12 9.28B-06 2.189-09 4.968-03 2.283-04 5.205-03 

5.000+0'1 10465-09 6.927-03 1.598-06 4.545+00 2.095-01 4.761+00 1.606-12 7.593-06 1.752-19 &.982-03 2.296-04 5.21'1-03 

6.000+09 1.017-09 5.874-03 1.331-06 4.554+00 2.104-01 4.770+00 1.115-12 6.439-06 1.459-09 4.992-03 2.306-04 5.279-03 
~ .000+0 9 5.721-10 4.526-03 9.984-07 4.566+00 2.115-01 6.762+00 6.271-13 4.961-06 1.094-09 5.005-03 2.318-04 5.247-03 
1.00C-1O 3.661-10 3.6'15-03 7.986-07 4.574+00 2.123-~1 4.790+00 4.013-13 4.050-06 8.754- 10 5.014-03 20327-04 5.251-03 

1.500+10 1.627 -11 2.554 -03 5.324-07 4.584+00 2.133-01 4.800+00 1.783-13 2.800-06 5.836-10 5.025-03 2 .338-~4 5.261-03 

2.000-1j) 9.1~3-11 1.963-03 3.993-07 4.590+00 2.139-01 4.806-00 1.003-13 2.152-0f 4.377-10 5.031-03 2.345-n4 5.26P-03 

3.000-10 4.068-11 1o~54-03 20662-07 \ .596.00 2.144-01 4.812-00 4.45'1-14 1.484-1)6 2.'118- 10 5.038-03 2.350-04 '\ .771 :: 

4.000-10 2.288-11 1.039-03 1.996-07 4.599+00 7.148-01 4.B15+00 2.508-14 1.139-06 2.188-10 5.n/.1-~: ;. • .J~::.-04 5 .• 278-03 
,.000-10 1.465-11 8.465-04 1.597-07 4.601+00 2.150-01 4.817+00 1.606-14 '1.,7°_,,7 ~.;jl-1U 5.043-03 2.357-0 4 5.21\0-03 

6.MO-l0 1.017-11 7.155-04 1.331-07 1.602.00 2.151-01 4.818+00 1 ..... - 14- ( .8,43-07 1.45'1-~0 5.044-03 2.358-04 5.281-03 

B.nOO-l0 5.721-12 5.487 -04 9.982-08 4.604~nO "·~!:3 ~f 4.820+00 6.271-15 6.015-07 1.094-10 5.047-03 2.360-04 5.28~-03 

1.000'11 3.661-12 4.£64-04 7 .. Qg~ ::.. .•• "05+00 2.154-U1 4.821+00 4.013-H 4.B93-07 e.753-11 5.04!!-03 2.361-04 5.2~4-0;J 
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26, FE, I RON nOMIC WT. = '5.8£ 7 MSO/KG .001)7831 A.R~S/ATOM MULTIPLY MSO/KG BY 10 FOR r~SO/G 

PAIR PRODUCTTO~ PAIRPRODUClI(lN 

SCArrER[N~ ;CATTER ING 

PHO TO~I PHOTC - NUCl£H HEe TR')N TOUL PHHO- !lUC Lf AR ELECTRON 'OHL 

E NERG v COHERENT INCOHER. [LECTR Ie FlHO FIE to (OI1E<EIIT I N(CHER. ElECTRI C r [FLO FlELO 

EV R/QOM P fA TOM P/ATOM BnTO~ • 8/H0~ B/HOM MSO'KG MSr.IKG MS)/KG MSI'l/KG MSO/KG !SOIKG 

1.000-06 &.063-0? 5.1,~6-CO 3.233-02 0.000 0.000 5.559-00 &.381-05 s .916-03 3.£~6-0S 0.00 I' 0.000 5,99&-03 -a 

1.022'06 3.r.91-02 5.&28·00 3.093-02 0.001' 0.000 5.£ge-00 & .19.-05 S.853-03 3.315-05 0.000 0.'00 5.9'~-03 » 
1.2:;0·06 ;> .60 1.-02 &.908.00 2.092-02 t.520-03 o .000 &.961.00 2.~oj-05 5.2?2-03 2.256-05 7.031-0'" 0.000 5.350-03 .;Ii; 
1.500·Q6 1.809-02 4.1:62-"00 1.509-02 3.3?0-t2 0.000 6.52~-OO 1.951-05 &.811-03 1.627-05 3.580-05 0.000 4.R~~-03 

2.000·0~ , .01'1-02 3.8~9+00 9.306-0! 1.26~-OI 0.000 3.955-00 1.C9?-05 ".107-03 1.003-0, 1.36/,-Ob o.oea 4.265-03 -I 
~ 

7.00 /11".°" 'l.7')?-O3 3.762.00 8.988-~3 1.361-01 0.000 3.'117.00 1.051-05 4.057-03 9 .6~2 -06 1.461'-0 1, 0.000 4.224-03 :; 
3·0nr·06 4.529-03 2.997-00 5.052-03 3.506-Cl 1.049-13 3.358-00 4.1'81-06 3.232-03 5.418-06 3.781-04 1.131-06 3.671-03 .... 
4.000.06 ? .54t-O 3 2.501-00 3.&03-03 5.600-01 4.282-)3 3.071-00 2.7£1-06 2.697-03 3.669-06 6.039-04 4.617-06 3.312-03 m 

-I 
5.00~+06 10631-03 2.160-00 2.547-03 7.&109-[11 8.530-')3 2.918+00 1.75?-O~ 2.3;>9-03 2.7~6-06 8.0:'2-0£ 9.198-06 3.146-03 . 
6.000+06 10133-03 1.909'~0 ~.029-03 9.097-01 1.310-')2 2.835+00 1.~2!-06 2.058-03 2.IBIl-Ol 9.809-04 10& 13 -05 3,057-03 » 
7.000-06 8.321-04 1.716'O~ 1.683-03 1.056+00 1.765-02 2.792+00 8.971-07 1.!!50-!l3 1.1'15-06 1.139-03 1.9()3-05 3,011-03 Z 
8.000-r6 6.371-04 1.562+00 1.436-03 1.188+00 " • 20 7 -02 2.774+00 6.87"-07 1.684-03 1.5'8-~6 1.281-03 2.380-05 2.991-03 C 
9.DOO+06 5.036-04 1.435'00 1.252-0~ 10301-00 2.630-12 2.770+00 5.428-07 1.547-03 1.3Jr.-06 1.409-03 2.B36-05 2.987-03 

1. ~oo- 07 4.077-!l& 1.330+00 1.1 n 9-C3 1.415 + ~c 3.032-1" 2.777-00 4.39.-07 1.43£-03 1.196-!l6 1.526-03 3.269-05 2.994-03 -I 

10100-07 3.370-0& 1.240-00 9.'1,8-0& 1.513·CC 3.41?-!2 2.788+00 3.63.-07 1.3~7-03 1.073-Qt- 1.631-03 3.SeO-05 3,0 0 7-03 0 
-I 

1.2COt07 2.832-01, 1.163+00 9.D19-nt. 1.b~3·GO 3.773-~2 ;;>.e05+00 3.05.-07 1.25/,-03 9.715-07 1.7;>9-03 4.068-~5 3.025-03 » 
1.300 t 07 2.413-0& 1.096-00 8.2&8-0& 1 ./;~5.ro 1 .. 113-12 2.923·00 2.601-07 10187-03 8.8?4-07 1.817-03 & .05-05 3,OH-03 .... 
1.400-07 2.0~O-O4 1.037.00 7.,97-04 1,763+00 1\ .4:! 7 -12 2.e45-00 2.24)-07 1.111l-03 e.n2-o7 1.901-03 £.784-05 ,:,.068-03 » 
1.50~-+O7 1.812-0& 9.844-01 7.01,1--04 1.835-00 1..743-12 2.&68+00 1.95.-07 1.061-03 7.5~2-07 1.979-03 5.11£-05 3.092-03 -4 
1.~or-07 1.593-01, 9+374-0-1 6.560-04 1.~C3'OO 5.035-12 2.892·00 1.711-07 1.011-03 7.07!.-07 2.V52-0~ 5.~29-05 3,111'-03 0 
I.POP-07 1.259-04 ~."68-01 5.7"11-011 2.027-rn 5.577-12 ;;>.9&0-00 1.353-07 9.239-04 6.U3-07 2. JR6-0:>: 6.0H-05 3,171-03 3: 
2.COO-07 1.019-04 7.90,1-01 5.151-0 I. 2.138-00 I,.072-J2 2.929-00 1.099-07 B.520-C4 5.5;/,-07 2.30$-03 6.548-1"5 ~.2?lt-03 n 
2.200 t 07 8.&?5-05 70339-01 1,,651-0& 2 .239-0~ 6.525-12 3.039'00 Q.08\-nS 7."14-04 5.015-07 2.414-0:< 7.D36-C5 3.277-03 

2.4~O-O7 7.079-05 6.P.5B-Ol 4.239-01. 2.3~o+OO 6.9/,3-02 3.086-00 7.(3)-08 7.395-P,4 4.'j71-~7 2.512-03 7.187-05 3,327-03 n 
2.600-07 6.032-05 6.H~-Ol 3.89&-01. 2 ./1 lI~+O(! 7.330-02 !.132'OO 6.~O.-n8 { .• ~4f.-O£ 4.H9-07 2.6P3-0~ 1.~O.-O5 3.377-03 ~ 

??~O·O7 5.201-\)5 6.075-01 3.~OO-OI, 2 .A90 ... or. 7.690-12 3.175+00 S.tOI-08 6.551-0/, 3.8&2-07 2.6b5-03 3.292-05 3,/lc3-03 0 
3.noe-C7 &.531-05 5.757-01 3.3la8-0la 2 .)61~O(i 8.020-&2 3.217-00 & .88;-o~ 6.20?-0. 3.610-07 2.762-0~ 8.;55-05 3.469-03 11\ 

G.nDe·07 2.549-05 •• 571-[,1 ?/,79-0/, 2.1' .11.00 9.G25-~2 3.400+00 2.74 9-OIl 4.929-0& 2.673-07 ~.O71-0: 1.~16-0. 3,M6-03 11\ 

5.0JP.07 1.631-05 30815-01 1.968-01. 3.00.00 1.050-1T 3.550+00 1.75~-O8 4.114-06 2.1?2-07 3.30~-O; 1.'32-04 3.~?P-03 11\ 

hGOO+07 1.133-05 3.287-01 1.631-0& 3.n1.QO 1.136-11 3.673+00 1.Z2Z-0P. 3.54£ -I" 1.7S9-07 3.481.-0~ 1.125-04 3.96'-03 m 
n 

~.OOO-O7 tJt371-fl6 2.593-01 1.?16-04 3." ~ 3.00 1.266-11 3.869+()0 f..1l71-09 2.796-04 1.~!1-01 3.756-0~ 1.~65-("4 4.172-03 -I 

1.000_0" £.017-06 2 .152-01 9.H7-05 3.663+00 1.362-&1 ".015-00 1..39!-09 2.321-(\4 100.5-07 3.95~-0; 1.'.69-04 4,329-03 (5 
1.500-011 1.812-06 1.532-01 ;).426-05 3."53+00 1.524-01 4.259+00 1'''5.-~\I 1.1:>52-0 I. 6.'1n-Of- 4.263-0~ 1.,\&3-r4 1 .. 592-03 Z 

~ 2.000+08 1.019-06 1.207.-01 £.805-05 &.128+0(\ 1.626-01 4.411>00 1.09~-O9 1.296-G4 5.1111-08 &.~51-03 1.753-04 ~ .756-03 11\ 

... ?OOO_OR 4.530-07 8.516-02 3.195-05 4 0332+00 1.753-01 &.592+00 4.r8\-10 9.183- C 5 3 .4~5-0B t..f71-r! 1.'90-r4 £.957-03 -n 
:r &.oro·of, 2.548 -0 7 6.670-0;> 2.~93-05 4.h51+00 I.P3u-11 / .. 701+00 2.7H-l0 7.197-05 2.51G-nl\ 4.scr-{}; 1.973-0& 5,069-03 

~ 5.rOO-01l 1.631-07 5.521-02 1.913-0< 4.579.00 1.883-11 4.773+00 1075·-10 5.953-05 2.0"3-!l!; 4.E8t.-O"! 2 .130-0& 5,1&6-03 0 
~ 

n ~,.0"O-08 "13~-07 4.727-02 1.593-r5 ".585- 00 1.922-01 4.824+00 1.221-10 5.097-05 1.718-08 G.9/~4-0~ 2.l73-04 5,202-03 

:r p.COr+r.R 6.371-08 3.692-02 1.194-05 t. .t>6r.- en 1.971:-01 4.895-00 6,/>,71-11 3.981-05 1.2Re-OR 5.025-03 2.'31-0& 5.278-03 -a .. 
I.CCO-09 1..077-08 3.037-02 9.5&9-P6 ".708-00 2.013-11 4.940-00 ',.3911-11 3.275-05 1.GIO-OR 5.0 77 -03 2.171-64 5.327~O3 ::z: 

3 0 
1.5~0·O9 1.~1<-O8 2.121-02 6.36~-06 11.77°.00 2.067-~1 ~.OO7-00 1.95.-11 2.287-05 "'.~bl-0C ~o153-0: 2.'29-0& 5.30 9-03 

"" ~.Of,G-09 1.019-08 1.6117-02 t.771-06 & .~17·OO 2.099-11 5.0&3+00 1.09 Q-l1 1.771-05 5.115-09 5.194-0; 2.'63-04 5.£~8-03 
-I 

~ 
0 

!.OOO-O9 I. .530 -09 1. H2-02 3.180-r6 1,.1' S~hOO 2.133 .. 01 5.0B4+00 1..8R\-12 1.231-05 3.4/9-0Q ~.21.0-0; 2.I~O-04 5.1.,~2-03 Z 
c ~.OO(\H~9 2.548-0 9 8.811-0, 2.38& -06 I. .~81<QO 2.153-11 5.105·no 2.71.,-12 9.501-06 2 .~71-09 5.263-03 2.122-0& 5.50~-03 11\ 

c 5.000+09 1.631-09 7.20&-03 1.907-06 I •• $v6-110 2.165-!1 5.120-00 1.75 Q-12 7.768-06 2.051,-09 '.279-0: 2.\35-04 5,5?1-03 

~ 6.000-09 1.133-09 6.109--03 1.589-06 4.905-00 2.17&-., 5.129-00 1.221-12 6.587-06 1.713-09 5.289-03 2.14&-04 5.530-03 

< ~-.oon+09 6.371-10 4.707-03 1.1Q2-0~ 4.918+00 2.186-01 5.141·00 6.i'71-13 5.076-06 1.285-09 5.303-0) 2.357-0/, 5.544-03 

l!- 1.000-10 4.077-10 3.843-03 9.536-07 &.926+00 2.193-11 5.1&9·00 4.39.-13 4.1&&-06 1.0l8-0" 5d1 ?-o3 2.365-01, 5,552-03 

1.500+10 1.~12-1n 2.656-03 fo357-07 4.93P.,OO 2.205-01 5.16-1+00 1.95.-1 3 7.P.64-C6 6.~5:'-10 ,.325-03 2.376-04 5.56S-03 

:.0 2.0nO+ 1 0 1.019-10 2.042-03 /,.767-07 4.944 _or. 2.20<;-" 5.167.00 10099-13 ? .20"-06 5.1>0-10 5.3,1-03 2.3112-r4 5,572-03 

Z 3.COO.l0 4.530-11 1.408-03 3.17~-O7 4.<i50-00 2.215-11 5.173+00 £.88\-H 1.518-06 3.417-11) S.33?-O'! 2.388-04 5,5?'I-03 

!:I 4.000+10 2.548-11 1.(81-03 2.3e£-07 4.S 53<00 2.211l-01 5.176.00 2.71.1-110 1.166-06 2.571-11! ~.3£1-03 2·392-04 5.581-03 

..,. 5.noe-10 1.631-11 8.P,03-0& 1.907-r7 4.<l56-0r 2.220-01 5.17'1+00 1.75~-H 9.492-07 2.056-10 5.31,1.-03 2.394-04 5.584-03 . 0.000+10 1.133-11 7.H2-04 1.509-~7 1..957-00 2.22?-61 5.180'00 1.221-14 8.025-07 1.7!3-1() 5.3/,5-03 2 .19f.- 04 5.586-03 

:0 8.1i00-l0 60371-12 5.7C6-04 1.192-07 & ."59-0C 2.223-61 5.182.00 6.871-15 6.153-07 1 .285-1 r 5.31,7-03 2.397-04 5,5RB-03 0 

CD 1.0nO+l1 4.077-12 4.61. 2 -0 I, 9.531.-08 IJ. .960+00 2.22£-11 5.183tOO &.3911-1,) 5.0Q6-07 1.lll8-H 5.341':-03 2.398-04 5.589-03 c-
o -0 



!- TAllT,l~ fl, Cross sect.ions And mass flt.t.~mHlf,jon coefficient,s for t.he individuAl and t.ot.al photon at.om interact.ion processes, 1 ;\Ic\' F' F" c 
." 7,=: t,o IOO-Cont,imler! "" ::I" C 

~ 
n 27. co. CORAlT ATOMIC WI. = 58.93~2 HSO/KG .001021'~ BA~~S/ATOH "UlTIPlY ~SO/KG BY 1P FO. c·!_/~ 

::I" 

~ PAIR PRODUCT10~ PAIR pRODUCTION 

SCHHR!~G SCATTERING 

'" ~ PI10TON P40TO- flUCLE AR ElEe IRON TOTAL PH01O- I'IU[l[AR El EC T"ON TOT'L 

ENE RG V C(1-l fR ENT ,"(OIOER. ELECTRJ( nElO FIEtO COilE RENT INC04ER. ELEr.TR'C FInD r IEtD 

C a EV 9/A rOM B IA TOM 8/ AlO" RIA TOM 
~ 

R /A TnM R IATOM HSO/KG MSu/Kf, HSO /KG HSo/KG MSO/KG HS C /'G 

< 1 .n OC+6~ Il.~1 0-02 S.696.()() 3.859-62 •• 000 o.~OO 5.780+00 ~ .6 09-n~ 5.870-03 3.943-05 ~.OOO 0.000 5.~06-C3 

!t 1.~22+06 4.318-02 5.631-+00 3.693-07 1,000 0.000 5.716+00 4.41('-05 5.759-03 3.774-05 o .oro 0.000 5.e41-C3 

~ 
1.~50+06 7.890-02 5.096'00 7.497-02 1.130-03 0.000 5.157+00 2 .9S3-0~ 5.207-03 2.~52-'5 7.2~6-0" 0.000 5 .;>7~-O' 

1.Sn~'OI\ <.008-02 £.633·00 1.800-~7. ].613-02 o.O(lr; ~ .707+00 2.(15('-05 4.734-03 1.839-'15 3.697-05 o.nOO 4.e10-C3 

Z 7.000·06 1.131-02 3.<>55+00 1.10Q-C7 1.369-r.l 0.000 4.114.00 1.156-0\ I • • 0£1-0~ 1 .133-~S 1.39()-04 0.(100 4.20£-03 

!' 2 ,'Jo I. , .... 0 6 1.082-02 3.907 +00 1.072-0? '.473-01 0.000 4.076+00 1.106-0\ 3.99~-03 1.095-~S 1.505-0& O.OCO &0165-03 

... 3.000·06 5.027-03 3,113'00 6.016-r.3 10788-01 1.08<)-03 3.50£+00 5.137 -0" 3.fFl-03 6.141-')/ ~.871-~4 1.113-06 3.5~0-03 

- 4.0nO+0~ 2.8;>8-03 2.597+00 &.049-03 6.r43-01 'I. t,. It 7-0! ~.213·OO 2.e90-0. 2.~5&-O~ &.137-01: 6.175-04 &.<;&4-06 ~.21\'-O3 

~ 5.COO-06 1.810-03 2.2&3+0C. 3.029-03 8.031.-01 ~.858-03 3.060+00 1.!'SO-Ot 2.292-03 3.095-06 8.;>09-0/. 9.051-06 3.127-03 

CD 6.000-06 1.257-03 1.9~2+00 ;>.&12-03 ~.807-01 1 .~6n-02 2.980'00 1.28t.-06 2.n5-03 2.&65-01- 1.007-03 1.39ii-05 3.045-03 
0 7.00Q_06 9.?37-1J4 1.782+00 2.~OO-03 1,138_01) 1 .8~3-0? 2.941+00 9.439-07 1.821-03 2.044-~6 1.163-03 1.873-05 3.005-03 

~.0~0-06 7.072-04 1.6~2+CO 1.706-03 1.280+01) 2.;>91-02 2.927+00 7.226-07 1.6S7-0~ 1.743-06 1.308-0~ 2.341-05 2.991-03 ::r 
9.0CO+06 5.SSB-04 1,491<00 loH7-03 t.4<l8+00 2.73"-02 2 .9711+ 00 5.110-0' 1.524-03 1.519-H) 1.439-03 2.790-05 2.q9?-03 c: 
1.~00_07 & .526-04 1.381.00 1.317-03 1.524.00 3.14 8-0 2 2.938+00 &.625-0! 1.&11-03 1.3&6-~6 fo~S7-03 3'217-05 :3.0~2-03 CI' 
1.100+07 3.7£1-04 1.288'03 1.181-03 1.63D-{)0 3.5£3-02 2.955+00 :3 .82 3-07 1.316-03 1.207-Qt; 1.666-03 3.620-05 3.02(-03 CI' 

1.200-07 3.163-04 1.208 +00 1.071-03 1.726+r.O :3 .917-02 2.975-00 3.212-0! 1.23&-0~ 1.094-H 1.764-03 &.OC3-~S 3.040-03 ,. 
1.300+07 2.678-04 10138+00 9.791-04 1.815+0C 4.27~-02 2.997+00 2.736-0! 1.163-03 1.000-')6 1.855-03 &.363-05 ~. C61-03 

,... 
1.1.00-07 2.30'-64 1.077+00 9.017-0& 1.899+0C &.606-02 "3.023+00 2.359-()7 1.101-0~ 9.214-H 1.9&O-n, 4.707-05 3.0~~-03 

~ 

1.500+07 2.012-04 1,02"+00 8.357-04 1.97t.+OO 4.924-02 3.048+00 2.056-07 1.0&4-03 8.540-07 2.01<;-0:: 5.032-05 3.115-03 C'l 
1.60C·07 1.768-0& 9.735-01 7.785-04 Z .C49+00 5.n7-02 3.076+00 1.807-07 9.948-0& 7.955-07 Z.O'='&-o;t; 5·341-05 3.1"-03 i 
1.800_07 1,397-04 8,897-Cl 6.8&8-0£ Z.1~3+CO 5.789-02 3.131+00 1.428-0: 9.091-0& 6.998-07 2.231-03 5.915-05 3.20~-03 

2.000·07 1.132-04 8,205-01 6.112-04 1.302+00 60302-02 3.1R6+00 1.157-07 ~.38&-0£ 6.?46-07 2.352-03 6.4&0-05 3.25~-03 ~ 
2.200.07 9.352-05 7,621-C1 5.518-01. /.410+00 6.773-02 3.240+00 <) .S56-ot 7.787-01. 5.639-H 2.463-03 6.921-05 ~.311-03 

2.&00+07 7.858-05 7.121-01 5.02 9 -04 1.508-00 7.206-02 3.293'00 11.030-08 7.277-0& 5.139-!7 2.563-03 7.363-05 30365-03 :P 
;>.600_07 6.696-05 6,687-01 &.619-04 ~ .. S~8 ... 00 7.600-02 3 .. 343"'DO 6.842-08 6.833-04 &.720-07 2.655-03 7.77&-05 3.4H-03 Z 
2.ROO-07 5.773-115 ~,30a-Ol &.271-04 1.680+00 7.9~1-02 30391+00 5.1'99-08 6.&46-0& &.364-P 2.739-03 8.155-05 3.46'-03 0 
3.('0(\·07 S .n29-05 5.97~-Ol 3.971-04 1.75~+00 8.321;-02 3.1.37+00 5.139-CI 6.103-04 4.058-17 2.816-0' 8.510-05 3.51'-03 $ 
4'000'07 ? .829-05 4,71.7-01 7.<)40-04 ,.965 +00 9.77~-O2 3.63P+00 ~ .891-08 4.851-0& 3.00&-l7 3.132-0~ 9.992-05 3.717-03 < 
5.aOo_c7 1.811-05 3.962-,1 2.334-0(, 30 7.96+ 00 1.0P9-01 3.801+00 1.851-~8 &.049-0£ 2.385-)7 3.36R-03 1.113-04 3.e84-03 

"' 6oC~r+07 1.257-05 3,&14-01 1.?35-04 1.478+00 1.17,,-01 3.937+00 1.284 -os 3.&89-&4 1.977-J7 3 .. 5 54-03 1.20&-0& & .07.1-03 :u 
p.OOo+r7 7.077-06 2,6'12-01 1.&&1-0& l.71.B+O(} 1.313-01 &.1&9-00 7.226-0~ 2.751-0 & 1.&72-)7 !.830-03 1.3&2-P4 4.23°-03 lJII 

1.000+08 & .526-06 2,235-01 1.148-0& J.9&1-00 1. & 12 -01 & .306+00 4.62S-0~ 2.284-0& 1.173-}7 &.027-03 1.4 &3- n& &.40n-03 G 
1.500-08 2.012-;)6 1,591-01 7.6f6-0~ .. 251+1)0 1.578-01 4.568+00 2.056-0~ 1.626-0& 7.782-l8 &.3H-0~ 1.612-r 4 4.66f-03 

2.00r-.OR 1.131 -06 102&8-01 5.697-0$ ;."~7+0() 1.684-01 4 • 730+00 1.156-0· 1.275-0& 5.821-lf 4.53&-03 1.721-r.& 4 .8~l-03 

3.flOO+Oe 5 .1)2~-07 l\,R&~-O? 3,787-05 •• 655.00 1.814-01 1..925-00 5.139-10 9.037-05 3.87D-o)£. &.757-0~ 1.115&-0& 5.031-03 

4.000+08 2.~2q-07 6,92IJ-C2 ?837-05 •• 781.~0 1.~93-"' 5.040+00 2.891-H 7.077-05 2 .~90-')8 &.885-03 1,"3&-0& 5.15r-03 

5.000+08 1.8 10-07 5,733-02 Z.?68- nS •• 8bl. +00 1.947-01 5.116+00 1.850-11 5.858-05 2.318-~e 4.970-0~ 1 • .,<i0-r& 5.22~-03 

6.0rO-08 1.257-07 4,9a9-02 1.889-05 ~ .°7,4 ... 0('1 1.91\7-01 5.f72+CO 1.2l!4-1I 5.016-05 1.930-}8 5.032-03 2.~30-0& 5.2"\-03 

8.0rr_OR 7.07;>-08 3,8~1o-02 1.&16-05 \.OO3+0{l 2.01,2-01 5.2&6'00 7.?26-1~ 3.918-05 1 .&4 7-01; 5.112-03 2 .~87-0& 5.36t-03 

1.000.09 G .52(,-08 3.154-02 1.132-05 S.C;'4+0a 2.080-01 5.29&+0(} 4.625-1", 3.223-05 1.157-)8 5.164-03 2·125-0& 5,409-03 

1.500-0. ;>.012-0~ 2,2r3-02 7.54;>-06 \.l~"_O~ 2.135-01 5.365+00 2.056-1' 2.251-05 7.707-~9 5.241-03 2.182-0& 5.&82-03 

7.GCO+O~ 1.131-08 1,705-02 5.655-06 \0169+00 2.167-01 5.1.03+00 1.156-1' 1.747.-05 5.779-09 5.2~7.-03 2.214-0& 5.521-03 

3.000+09 5.07'1-09 1,185-02 3.7~r,-06 1.213.00 ~.20 1-01 5.445+00 5.139-11 1.2ff-O~ 3.851-~? 5.327-03 2.249-0& 5.56l-03 

4.0H·OQ 2.P.29-09 9,150-~~ 2.P.26-06 10237+00 2.222-01 5.&1'8+(10 2.R91-11 9.350-06 2.888-'l9 5.351-0~ 2.271-04 5.58P-03 

5.~OC.09 1.1\1(}-()9 7.481-03 ~.2"1-06 S.252+011 2.23b-01 5.£A3+00 1.850-11 7.64&-06 2.310-)9 5.3b7-0~ 2.283-0& 5.60~-O3 

hCOO-OQ 1.257-09 6,34&-03 1 .R~I,-Of \ .2102+0(- 2.21.3-01 5.&Q3+CO 1.28&-11 6.4~3-06 1.925-~9 5.377-03 2.292- n& 5.61]-03 

~.OOC+Oq 7.072-10 &,~88-03 1.413-0f 1.276+00 2.2S5-()1 5.506+00 7.226-13 &.995-06 1.444-99 S.391-0~ 2.30&-r.& 5.6?7-03 

1.000+10 '.526-10 3,991-03 1.13C-06 1.285·00 2.262-01 5.515+00 4.625-13 &.078-06 1.155-'l9 5.£00-03 20311-0& S.6~I.-n~ 

1.500+10 2.012-10 2,75[1-03 7.535-07 5.2Q6.1)~ 2.273-01 5.526+00 2.056-13 2.818-06 7.700-1D 5.&1,-n~ :.:~.j-'J4 ~ .647-03 

2.000+10 1.131-111 Z,120-03 5.651-07 1.303.00 2.27f.-Ol 5.533+0(} 1.156-13 2.16(,-0" ': .-:-;"-1 \1 ,;.1.19-03 2.328 -04 5.651-03 

3.000+10 5.029-11 1 ,&62-0~ 3.767-07 1.309.0(1 2 .2~tI-Ol 5.539.n- __ ~..J'7-14 1.494-06 3.849-10 5.1.25-03 2.33&-04 5.t6~-03 

&.000+10 ?829-11 1,123-03 2.825-07 5.313 .. (\"- -~_::v-UI 5.543+00 2.891-H 1.1&8-06 2.887-10 5.429-03 2.338-0& 5.664-03 

~.COO+l0 1.1'10-11 'I.1&7- n/, :"_::"~-UI 5.315+00 2.29C-Ol 5.5&5+00 1.850-14 9.342-07 2.309-10 5.01-03 2.3&O-~& 5.66t-03 

6.000+ 10 ~ .::;; -, J 7.728-04 1.884-07 5.317+00 2.291-01 5 .~t.7+00 1.21!&-1i 7.8Q'7-07 1.925-10 5.433-03 2.3&l-r4 5.ME-03 

~.oCO+l0 7.1l1<'-12 5,925-0& 1.413-07 1.319+00 2.29~-OI 5.5&9+00 7.226-1\ 6.054-07 1.44&-10 5.& 35-C3 2.3&3-0& 5.67f-03 

1.000.11 1..5?6-12 &,~71-04 1.130-07 5.320·00 2.796-01 5.55~-0() 4.625-1\ & .97.6-07 1.155-10 5.n6-03 2.3&4-04 5.671-03 



TABLE 6. Cross sections and mallS attenuation coeficients for the individual and total photon nt.om interaction processes, 1 MeV to 100 GeV, 
Z= 1 to lOo--Contimed 

28. NI, NICKEL ATOHIC H •• 58.69 NSO/KG .00102608 9~RNS/AIOM H~LTIPLY MSO/KG RY 10 FOR C"'SO/e 

PUR PRODUCTION P HR PROOUCTION 

SC~TTERING SCATTERING 
PIIOTON PHOTO- NUCLEAR ELfCTPON lOT At PHOTO- NUCL~AR ELECTRON TOHL 
E NERG Y COHERENT I'ICOHER. ELECTR Ie FIELD FIE LD COH ERENT INCDlIER. ELECTRIC FIELD FIELD 

EV BIATOH 81 ATOM BIATOM BIHoM ~ IA TOM B IATOH MSO/KG MSO/KG IISO/KG KSO/KG HSO/KG HSO/KG 

1.000+06 4.9g0-02 5.907+00 4.575-02 o .000 0.000 6.003+00 5.120-05 6.061-03 4.694-05 0.0 CO c.ooo 6.159-03 
.., 

1.C22+0f 4.778-02 5.844+CO 40378-02 0.000 0.000 5.936+00 4.903-05 5.996-03 4.492-05 ~.O CO 0.000 6.C9C-()3 > 
10250+06 3.198-02 5.285+00 2.960-02 7.777-03 0.000 5.354+0~ 3.281-05 5.423-03 3.037-05 7.91'0-06 0.000 5.494-03 ~ 
1.500+06 2.222-02 4.805+00 2.13;'-02 3.<>~1-n2 0.000 4.888+00 2.280-C5 4.930-03 2.189-05 4.023-05 0.000 5.015-03 

'2.000+06 1.251-02 4.102+00 1.314-0? 1.479-01 o.ooe 4.276+00 1.284-05 4 .• 200,.03 1.348-05 1.5 1:l-0 /, 0.000 4.387-03 ... 
::II:J 

?044+0t 1.198-02 4.051+00 1.269-0<' 1.590-01 0.000 4.235+00 1.229-05 40157-03 1.302-05 10631-04 O.OOU 4.345-03 :;; 
3.0CO+06 5.563-03 3. n6+ 00 7.115-03 4.0B2-G1 1.130-03 3.650+00 5.708-06 3.312-03 7.301-06 4.188-04 . 1.159-06 3.745-03 ... 
4.nOO+06 3.130-03 2.693+00 4.785-03 6.505-01 4.611-03 3.356+(10 'h212-0~ 2.763-03 4.910-06 60675-04 4.731-06 3.444-03 m 
5.rOr.<06 2.003-03 2.326+00 3.57P.-03 8.642-01 9.185-03 3.205+00 2.055-06 2.387-03 3.671-06 8.867-01, 9.425-06 3.289-03 ,:-I 

6.r.OO+0~ 1.391-03 2.056+00 2.847-03 1.054+QQ 1.1.1(\-02 3,128+00 10427-(\6 2.110-03 2.921-0t. 1.01'.1-03 1.447-05 3.210-03 
~ 

7.00e+06 1.072-03 1.a48+QO ? 36·0-03 1.n3+00 1.900-02 3.093+00 1.04~-O6 1.896-03 2.422-06 1.255-03 1.950-05 3.174-03 Z 
8.COO+06 7.82(,-Q4 1.682+00 2.013-03 1.375+0r 2.376-02 3.084+0~ 8.03Q-07 10726-03 2.065-06 1.411-03 2.438-05 3.164-03 C 
9.000+06 6.184-04 1.546+00 1.754-03 1.513+00 2.831-02 3.090+00 6.345-07 1.586-0:" 1.800-0l> 1.552-03 2.905-05 3.170-03 
1.000+07 5.00~-04 1.432+00 1.553-03 1.l:37+00 3.264-02 3.1r4+00 5.140-07 1.469-03 1.593-06 1.680-03 3.349-05 3.185-03 -of 

1oHO+07 ~.14{l-0~ 1.336+00 1.393-03 1.i51+00 3.674-0;> 3.126+00 1..248-~7 1.371-03 1.429-06 1.797-03 3.770-C5 3.207-03 0 
1.200+07 ~.478-04 1.253+00 1.263-03 1.85&+00 4.061-02 3.149+00 3.569-07 1.2"6-03 1.296-06 1.902-03 &.167':05 3.231-03 -of 

~ 
1.300+07 ;>.964-04 1.180+00 1.154-03 1.950+00 4.426-02 3.176+00 3.041-07 1.211-03 1.184-06 2.001-03 4.541-05 3.259-03 ... 
1.400+ 0 7 2.556-U4 1.117+(\0 1.063-03 2.039+00 10.775-02 3.205+(10 '2.623-07 1.146-0'1 1.091-06 2.092-0'1 &.900-05 3.2/>9-03 

l> 1.500+07 2.226-04 1.060+0G 9.851-04 2.123+00 5.104-02 3.23~+00 ? .21'4-07 1.088-03 1.011-06 2.178-00 5.237-05 3.320-03 -of 
1.6CO+07 1.957-04 1.010+00 9.177-04 2.201+00 5.418-02 3.266+00 2.008-07 1.036-03 9.416-07 2.258-03 5.559-05 3.351-03 0 
1.800+07 1.546-04 CJ. 217-~1 8.072-04 '2.344+00 6.001-02 3.328+00 1.586-07 9.468-0& ~.282-07 2.40S-~' 6.157-05 :>'.&14-03 ~ 
2.000+01 1.252-04 8.509-01 7.203-0& 2.471+00 6.537.-02 3.3138+00 1.285-07 8.731-04 7.391-07 2.535-03 6.702-05 3.476-03 

t=i ?200+07 1.035-04 7.903-01 6.502-0& 2.5B7+00 7.020-02 3. &48+00 1.062-07 8.10-9-0& 6.672-07 2.654-03 7.203-05 3.53'1-03 
2.4aO+01 8.697-05 7.385-01 5.925-04 2.692+00 7.469-02 3.506+00 8.924-08 7.S7fl-04 6.081l-07 2.762-03 7.664-05 3.S97-03 n 
2.600+07 7.410-05 6. 93~-01 5.1.42-04 2.168+(\0 7.884-02 3.561+00 7.603-08 7.116-04 5.5&4-07 2.861-03 8.~<>0-05 3.654-03 ~ 

2.!l0!)+07 6.31\9-05 6.542-1'1 5.032-04 2.876+00 8.271-02 3.613+00 6.556-0~ 6.71:'-04 50163-07 2.951-03 8.487-05 3.708-03 0 
3.000+~7 5.566-05 60195-01 4.679-04 2.9~7+00 8.631-07. 3.663+00 S.711-0~ 6.357-04 4.801-07 3.034-03 8.856-05 3.759-03 VI 

4.00~+07 3.131-05 4.922-01 :'.463-04 3.2B9+00 1.013-01 3.8~3+00 3.213-08 5.050-04 3. 5~3-07 ~.375-03 1.039-04 3.9~4-03 VI 

5.000.07 2.00 4-05 4.109-01 2.749-rt. 3.537 + 00 1.128-01 4.061+00 2.056-08 4.216-04 2.821-n7 3.629-03 1.157-04 4.167-03 VI 

6.000+07 1.391-05 3.540-01 2.278-04 3.732+00 1.220-01 4.208+00 1.427-08 3.632-04 2.3 37-~7 ?829-03 1.252-04 4 0318-03 m 

B.OOO+Of 7.826-06 2.792-01 1.697-04 4.021+()0 1.359-01 4.436+00 8.030-09 2.865-04 1.741-07 4.126-03 1.394-04 4.552-03 n .... 
1.000+08 5.009-06 2.317-01 1.352-04 4.228+00 1.461-01 4.666+00 5.140-09 2.377-04 1.387-07 4.3311-03 1.499-1)4 4.7'26-03 0 
1.500+08 2.226-06 1.650-01 8.968-05 4.559+00 1.632-01 4 .1l~7+00 2.284-09 1.693-04 11.202-01; 4.678-03 1.675-04 5.015-03 Z 
2.000<08 1.252-06 1.294-01 6.708-05 4.757+00 1.740-01 5.060+00 1.285-09 1.32~-04 6.883-08 4.8~1-03 1.785-04 5.192-03 VI 

3.000+08 5.565-07 9.171-07. 4.460-05 4.9~9+00 1.874-01 5.268+00 5.710-10 9.410-05 4.576-0a 5.119-03 1 .923-0~ 5.406-03 

4.000+08 3.130-07 7.183-02 3.340-~5 5.1?2+00 1.954-01 5.389+00 3.212-10 7.370-05 3.427-08 S.256-0~ 2.005-04 5.530-03 
..,. 

5.000+08 2.003-07 5.946-02 2.670-05 5.210+00 2.010-01 5.470+00 2.055-10 6.101-05 2.740-~lJ 5.346-03 2.062-04 5.613-03 0 
:IV 

6.~OO+01l 1.391-07 5.091-02 2.224-05 5.273+00 2.051-01 5.529+00 1.427-10 5.224-05 2.282-'C8 5.411-0~ 2.104-04 5.67 3-03 

~.OOO+08 7.826-0t 3.976-02 1.667-05 5.356+00 20107-01 5.606+00 8.030-11 4.080-05 1.710-nl 5.496-03 2.162-N 5.753-03 ." 

1.00C+O' 5.00<)-08 3.271-02 1.333-05 5.411+00.2.145-01 5.658 + n 0 5.1lo0-11 3.356-05 1.368-CI' 5.552-03 2.;>01-~4 5.806-03 ::t 

10500+09 2.226-08 2.284-02 8.1180-06 5.489+00 2.201-01 5.732+00 2.284-11 2.344-05 9.112-C9 5.632-0'3 2.258-04 5.881-03 0 
2.000+09 1.252-0t 1.768-02 6.658-06 5.532+00 2.233-01 5.773+00 1.2115-11 1.814-05 6.r.32-fC; 5.676-03 2.;>91-Ct. 5.974-03 ... 

0 
3.000+09 5.565-09 1.229··02 4.438-06 5.578+00 2.268-01 5.817+00 5.710-12 1.261-05 4.554-(9 5.723-03 2·327-04 5.969-03 Z 
4.000+09 3.130-09 9.489-03 3.32a-Of 5.6r3+00 2.289-01 5.841+00 3.212-12 9.736-06 3.415-C9 5.74~-0 3 2·349-04 5.994-03 VI 
5.000+09 2.003-09 7.758-03 2.662-06 5.619+00 2.301-01 5.857<00 2.C55-12 7.960-0l: 2.731-C9 5.766-03 2.361-04 6.010-03 

6.000+0~ 1.391-09 6.579-03 2.218-06 5.63°+00 2.310-01 5.868+00 1.427-12 6.751-06 2.?76-~9 5.777-03 2.370-01, 6.021-03 

8.00C+O~ 7.~26-10 5.069-03 1.664-06 5.6&4+00 2.322-01 5.881+00 8.030-13 5.201-06 1.707-(9 5.791-03 2.383-04. 6.035-03 

1.000+10 5.00'-10 4.139-03 1.331-06 5.653+00 2.330-01 5.890+00 5.,40-13 4.247-06 1 .366-(,9 5.800-03 2.391-C4 6.044-03 

1.500+1C 2.226-10 2.1l60-03 !l.R72-07 5.6f5+00 2.340-01 5.902+00 2.2B4-13 2.935-06 9.103-10 ~.813-03 2.401-04 6.056-03 

2.0CO+10 1.252-10 2.199-03 6.654-07 5.672+00 2.346-01 5.909+00 1.285-13 2.256-06 6.828-10 5.8U-03 2.407- n4 6.063-03 

3.0~0+1° 5.56 5 - 1 1 1.516-03 4.436 -07 5.679+00 2.352-01 5.916+00 5.710-14 10 55(,-06 1 •• 552-10 5.827-03 2.413-04 6.070-03 

4.000+10 3.130-11 1.164-03 3.327-~7 5.683+00 2.355-01 5.920+00 3.212-14 1.194-06 3.414-10 5.831-03 2.416-04 6.074-03 

5'000+10 2.003-11 9.480-04 2.66 1 -07 5.685+00 2.358-01 5.922+00 2.055-14 9.727-07 2·730-:10 5.833-03 2.41~-()4 6.076-03 

6.000+10 1.391-11 8.014-04 2.218-07 5.686+'00 2.359-01 5.923+00 1.427-14 8.223-()7 2.276-10 5.834-03 2.421-04 6.077-03 

~.000+10 7.826-'12 6.145-04 1.663-07 5.M9+00 2.360-01 5.926+00 8.030-15 6.305-07 1.706-10 5.B37-03 2.422-04 6.0P~-03 

~ 1.000+11 5.009-12 4.999-04 1.331-07 5.6~(j+OO 2.362-01 5.927+00 5.140-15 5.1?9-07 1.366-10 5.8'8-03 2.424-04 6.081-03 



T,'.13LE 0. Cross sections nne! mass attenuation coefficients for the individual and "otal phot')D atom interaction processes, 1 MeV to 100 GcY. 
0 Z ~ I to IOO-Continued ..... 
fo,,) 

29, cu, COPP[R ATOMIC ~T. =- 63.5&6 r1S0/KG .GOG94767 BA~NS/ATOM MULTIPlY MSOnG BY if) rOR CMSO/G 

F'A IF. PRol)UCT ION PA fR PRODUCT! ON 
SeA TT ER I"IG sc A 11 E R I~G 

PIIOTON PHOTO - NUCLEAR fLECTRON TOTAL 'HOTO- ~lIClEAR ELECTRON 10TH 
E ~E RG Y (OHERE~T INCOHER. ELECTR Ie FIELD FIE LD COHERENT INCOHER. LEClRIC Flnp. FIELD 

EV F. fA T(l~ Bf A TO" ~! ATe M ilIA TOM • B/ATD"! B I A n., HSl/KG HSO!~(, ~SefK G MSO/K(· MSD/KG MSO/KG 

10000+06 5.517-02 6.117+DC 5038PO-02 0.000 0.000 6,226+00 5.22!'.-O5 5.797-03 50106-05 1.00(' 0.000 5,9('/1-03 

'.1'C2+P6 5.233-02 6.052+00 5.155-02 0.000 0.000 6.156H10 5.0~7-05 5.735-03 4.!'85-fl5 a .00 0 0.000 5.1'34 ,·03 
1.150+06 3.536-02 5.473+00 :..&85-0;> 8.463-03 0.000 5.552'00 3.3,1-(\5 5.187-()3 3.303-05 8.1120-06 0.000 5.21'01-03 
1.500+06 2.&58-02 &.976+00 2.511-02 4.246-02 0.000 5.068.00 2.329-05 4.716-03 2.380-05 •• 024-0S 0.000 4.803-03 
? .DPO+06 1.?8(.-02 &.2&8+00 1.545-C2 1.591,-01 0.000 &.437>1'(1 1.312-(15 l..n6-03 1,464 -05 1.511-1)4 0.000 4.205-03 
Z.H4+C6 1.325-02 4.196+0Q 1.&92-02 1.713-01 0.000 1,.395+00 1.2;6-05 3.~76-03 1,41/.-05 1.623-04 O.~OO 4.165-01 
3.~00+0" ".152-03 3.343+00 8.359-03 & d8e-Ol 1.170-03 :;.797000 5.830-06 3.1611-03 7.922-{)6 •• 158-04 1.109-1)6 3.59Q-03 
1 •• GOr+06 3.461-03 2.7P9+00 S.~18-03 6.983-01 4.776-03 3.501HIO 3.200-06 2.1>43-03 5.324 -0(, •• 618-04 &.526-06 3.318-03 
5.COO.06 ~ .216-03 2.(,09+00 4.198-03 9.272-01 9.512-03 30352'00 2.1<)0-06 2.283-03 3.978-06 8.787-0& 9.014-06 3.177-03 
6.00C+06 1.5::9-03 2.129+00 3.340-03 1.131+00 1.460-02 3.279'0(1 1.4;1'-06 2.'>18-03 3.165-06 1.072-03 1.381.-05 3.101'-03 
7.00£'+06 1.130-03 1.9H+Or. 2.767-03 1.312+CO 1.96R-0? 3.250'00 1.071-01> 1.~14-0;l 2.622-06 .243-0, 1.865-05 :r.01'0-03 
8.100+0r. R ,655-01. 1.742+00 2.360·-V3 1.1.7&+00 2.460-0? 3.24&'00 8.2'l 2- 07 1.651-0, 2.236-06 1.397-01 2.331-(\5 3.07&-03 
9.000+06 6.839-01. 1.~O1+00 2.055-03 1.621+00 2.931-02 3.25&·O~ 6.431-Q7 1.517-03 '1.947-06 1.536-03 2.778-05 '" .Ol' (;-03 ::J: 
1.QOO+07 5.53,}-O4 1.483+00 1.820-03 1.755+00 3.379-02 3.274'00 5.2 \9-07 1.\05-03 1.725-06 1.663-03 3.202-05 3.10<-03- C 
1.100+07 4.5 7P -0 (. 1.384+00 1.632-03 1.875+00 3.80&-02 3.299'00 4.338-07 1.~12-0;l 1,547-06 1.777-03 3.605-05 3.126-03 OJ 

1.200+07 3.8& 7-04 1.298+00 1.&79-03 1.986+/J0 1..205-02 30328>00 3.6~6-07 1.~3()-O3 1.402-06 1.882-03 3.985-05 3.154-03 m 
m 

1.300+07 3.278-0 1, 1.27.2'00 1.352-03 Z.C89+00 4.583-02 3.359>00 3.H6-07 1.158-C!3 1.281-06 1.981'-0, 4.343-05 3.11'''-03 r-
1./00+07 2.826-04 1.157+00 1.245-03 2.185+00 4.943-02 30393H)0 2.678-07 1.~96-03 1.18!l-06 2.071-03 4.684-05 3.215-03 .!"' 
1.S~0+07 ?462-04 1.098+00 10 15/.-03 2 .27/,+00 5 .285-02 3.426+00 2 .333-07 1.~41-03 1 dl94 -0 6 2.155-03 S.00S-05 3.247-03 Q 
1.eOO+07 2.164-0& 1.Q46+00 1.075-03 2.357+(.0 5.610-02 3,460'00 2.051-(17 9.913- ()4 1.019-06 2.231.-03 5.316-05 3.279-03 
1.sr.0+07 1.710-04 9.557-01 9.&51-01. 7. .510+00 6.212-02 3.52'1.00 10611-07 9.057-04 0.956-07 20379-03 5.887-05 '" .341.-03 i 
2.!00+07 1.385-04. 8.813-01 8.433-0& 2.646+00 6.762-02 3.596'00 1.313-07 8.352-04 7.992-07 ?5C8-03 6.408-05 3.408-03 

~ 20200+07 1.145-04 g,185-01 7.612-04 2.770+00 7.266-0Z 3.662'00 1008 ~-07 7.757-04 7.214-07 2.625-03 6.8&6-05 3.470-03 
2.100+07 9.617-05 7.649-01 6.936-0& 2.8PZ+00 7.731-02 3.725+00 9.114-08 7.249-()4 6.573-07 2.731-03 7.326-05 3.530-03 )10 
2.600+07 8.195-05 70183-01 6.371-04 2. 0 65+CO 8.161-02 3.786'00 7.766-08 e. .S07-04 6.03e-07 2.1129-03 7.734-05 3,5~8-03 Z 
2.f.0~+07 7.066-05 6.775-01 5.89C-0& 3.07 9+00 8.560-02 3.8B'lID 6.696-08 6 .~2 (\-04 5,582-07 2.91/1-03 8.112-05 '1.642-03 C 
3.~OO+07 (,,155-05 6.416-01 5.477-04 3.166+00 8.932-02 3.898'00 5.833-08 o.Q80-04 5.190-07 3.000-0:- 8.465-05 3.694-03 
4.HO+07 3.&62-05 S.09S-01 4.053-0& 3.521+00 1.048-01 4.136+00 3.Za1-0B G.Bl-04 3.P41-07 3. 3~7-03 9.932-05 3.920-03 '& 
5.~OO+O7 2.216-05 4.256-01 3.216-04 3.7.97+00 1.167-01 &.330'00 2.100-OS 4.B3-04 3.048-07 30 589-\13 10 106-04 4.103-03 < 
6.600+07 1.53<>-05 3.667-01 2.666-0& 3.995+00 1.261-01 4.488'00 1.458-0B 3 .. 75-04 2.526-07 30 786-03 1.195-04 4.253-03 m 
~,COO+07 8.655-06 2.1'92-01 1.ne-0t. 4.304+00 1.&05-01 4.734'00 1),202-09 2.741-04 1.882-07 '.079-03 1.331-(!4 1 .. 486-03 ::II:J 

OJ. 
1.000+08 5.539-06 2.400-01 1.582-04 4.525+00 1.510 -01 4.916'00 5.2.9-09 2 .~U-04 1.499-07 "28~-0~ 1.431-04 4,659-03 '& 
1.500+08 2.&62-06 1.709-01 1.049-0& &.876+01) 1.685-01 5.216'00 2.3J3-09 1 ./'2 0-04 '}.941-08 •• 62

'
-03 1.597-04 4.9&3-03 

2.ftOO+08 1.385-06 1.3&0-01 7 .~47-()5 5.01;7+00 1.796-01 5.401'00 1.313-09 1.270-04 7.436-08 •• 821-03 1.702-~4 5.111'-03 
3.QOO+01l 6.155-07 9.499-02 5.217-05 5.332+00 1.932-01 5.6Z0·00 5.1'33-10 9.002-05 4.944-08 5.053-03 1.8~1-04 5.3?6-03 
k.tOO+08 3.462-07 7.1,39-02 3.907-05 5.&73+00 2.013-01 5.749t(10 3.U1-10 7 .~50-05 3.703-08 S.H'7-03 1.908-04 5,448-03 
5.HC+OR 2.216-07 6.158-02 3.123-05 5.566+00 2,069-01 5.835'00 2.110-10 5.336-05 2,96 ()-O8 h275-03 1.961-1)4 5.529-0] 
6.000+08 1.539-07 5.273-02 2.601-05 5.632+00. 2.110-01 5.896'00 1.458-1tl 4.997-05 2.465-01" 5.337-03 2.000-04 5.51\7-03 
p .~OO+08 8.655 -08 4.111'-02 1.950-05 5.720+QO 2.166-01 5.978+00 8.202-11 3 •• 02-05 1.848-08 5.421-03 2.053-{)4 5.665-03 
1.HO+09 5.539-08 3.31\8-0~ 1.559-05 5.778+00 2.204-01 6.03~'OO 5.2.9-11 3.211-05 1.477-08 hl.76-03 2.089-04 5.717-03 
: 0100+09 ?&62-0~ 2.366-02 1.039-05 S.860+GO 2.259-01 6.110+00 2.333-11 2.~42-05 9.846-09 5.553-03 2.141-1'4 5.791)-03 
2.(00+09 1.385-08 1.831-02 7.788-06 5.905+00 2.291-01 6.152.00 1.313-11 1.?35-05 7,380-09 5 .. 5 0 6-03 2.171-04 5.S30-03 
?I~OC+OQ 6.155-09 1.273-02 5.191-Q6 5.954+00 2.325-01 6.199+00 5,833-12 1.206-05 4.919-09 ~.642-03 2.203-04 5.875-03 
G.000+09 3,462-09 9.828-03 3.893-06 5.980+00 2.346-01 6.224+00 3.281-12 9.316-06 3,689-09 S.667-03 2.223-04 5.89°-03 
5,HO+09 2.216-09 8.036-03 3.114-06 5.996+00 2.358 -0 1 6.240+00 ;?HO-12 7.4115-06 2.951-09 5.682-03 2.235-04 5.913-0~ 

6.CCO+09 1.539-09 6.814-03 2.595- 06 6.008+00 2.367-01 6.252'00 10458-12 6 •• 57-06 2.459-09 5.694-03 2.21. 3-04 5.924-03 
8.100+09 8.655-10 5.250-03 1.946-0~ 6.023+00 2.37P-01 6.266.00 8.202-13 4.Q75-06 1.8U-QC) 5.708-03 2 .254 -04 5 .938-0~ 
10100+10 5.53Q-10 4.286-03 1.557-06 6.032+00 2.386-01 6.275'00 5.209-13 4.062-06 1.476-09 So 716-03 2.261-04 5.947-03 
10500+10 2.462-10 2.962-~3 1.038-06 6.045+00 20396-01 6.288+00 2.333-13 2 .~07-06 9.~37-10 5.729-03 2.271-04 5.959-03 
;> .10 0+ 1 0 1.385-10 2.277-03 7.783-07 6.052+00 2.401-01 6.291, +00 1.313-13 2.158-~6 7.376-1r 5.7:<5-03 2.2'l5-()4 5.96~-O3 

3.000+10 6.155-11 1.571-C3 5.183-~7 6.060+00 2.407-01 6.302+00 5.833-14 1 .. '!9-06 4,916-10 5.743-03 2.281-04 5.972-03 
4.!OO+10 ?462-11 1.206-03 3.891-07 6.06&+00 2.410-01 6.306+00 3.281-H 1.143-06· 3.687-10 1.7<\7-03 2.284-04 5.976-03 

5"00+10 2.~16-11 9.819-04 3.113-07 6.066+0~ 2. 1<13-01 6.308'00 <.100-H <;.305-07 2.950-10 5.749-03 2.287-04 5.978-03 
6.100+10 1.539-11 8.300-0& 2.594-07 6.067+00 2.1.14-01 6.309+00 1.458-14 7.866-07 2.&58-10 50749-03 2.288-04 5.979-03 
~.HO+l0 8.655-12 6.364-04 1.946-07 6.070+00 2.415-01 6.312'00 8.202-15 6.131-()7 1.81.4-10 h75?-03 2.289-01. <;.982-03 

1"~O+11 5.539-12 5.178-04 1.556-07 6.071+0(1 2.417-01 6.313000 5.2.9-15 4.~O7-07 1.475-10 50753-03 2.2 9 1-01. 5.98:-03 



TABLE 6, Cross sections and mass attenuation coefficients for th~ individur.l and total photon atom interaction proc~es, 1 .'oIeY to 100 GeY, 
Z=l to lOo--Continncrl 

30, ZN. ZINC ATOMII: VT. " 65038 IISDIKG = .00092108 9ARNS/A TOM lIuLTIPLY IISO/KG By 10 FoR [MSO/G 

PAIR PRODUCTION P nR PRODUCT! ON 
SCATTERING SCITTERING 

FHOTON PHOTO- NIJCLEAR elECTRON TOTAL PHOTO- NUCLEAR ELECTRON TcT~L 

ENERG Y :OHERENT INCOHER. ELECTR Ie FIELD FIElD eOHEREn INCOHER. ELECnIC FlEIO FIELD 

EV BIATOM B/HOM lilA TOM B/HOII ll/ATOH B IATOM "!SQ/Xl, I!SfJlKG MSOHG HSO/KI; MSO/KG IIS0lKG 
." 

l.COO'06 6.060-02 6.327+00 60313-02 O.O~O 0.000 6.451+00 5.582-,)5 5.828-03 5.815-~5 ~.OO( 0.000 5.942-03 l> 
1.1i2i'+06 5.803-02 6.260+CO 6.040-02 0.000 0.000 6.378 +O(l 5.345-)5 5.766-0"3 S.50-05 0.00 ( 0.000 5.875-03 iO 
1.250+06 h885-02 5.661+00 4.083-0~ 9.179-03 0.000 5.750+0C 3.578-)5 5.214-0~ 3.761-05 8.455-06 a.OOD 5.29 6-03 

1.500+06 ?700-02 5.147+0C <.940-02 4.586-02 0.000 5.249+ OC 2.487-)5 4.741-03 2.708-05 4.2?t-QS C.OOO 4.835-03 -I 

2.rllo+06 1.520-02 4.394+00 1.808-02 1.714-01 0.000 4.599+0( 1."()0-~5 4.047-03 1 .665-05 1. 5 7~-0 4 0.000 4.236-03 ::Ill! 

".0/,4+06 1.t.S5-0Z 4.340+00 1.746-02 1.842-01 0.000 4.556+0~ 1.340-DS 3.Q98-0~ 1.608-05 1.697-0 " 0.000 4.197-03 :;; ... 
3.000+06 6,759-03 3.458+00 9.773-03 4.706-01 1.210-03 3.946+0C 6.226-~6 3.185-03 9.002-01> fa 33~-O4 1.115-06 3.635-03 m 
/ •• 000+06 30803-03 2.885+00 6.563-03 7.4&0-01 4.940-03 3.643+0( 3.503-)6 2.657-03 6.045-06 6.89(-04 4.550-06 3.360-03 .:-t 
~ .ODIH06 1.4:H-03 2.492+00 4.907.-03 9.925-01 9.839-03 3.502+ 00 2.242-l6 ? ,295-03 4.515-06 '1,14<-04 9.063-06 3.225-03 

l> 
6.00~+O6 1.690-03 2.202+00 3.898-03 1.209+00 1.511-02 3.432+0~ 10557-16 2 .028-C3- 3.590-06 1.1H-03 10392-05 3.161-03 

7.000+06 1.242-03 1.980+00 3.229-03 1.402+00 2.035-02 3.407+00 1.144-)(, 1.824-03 2.974-06 1.291-03 1.874-05 3. nS-03 Z 
8.000+06 ~.509-04 1.802+00 2.753-03 1.576+00 2.544-02 3.407+0{ 8.759-,)7 1.660-03 2.536-{lf_ 1.45<-Q ~ 2.343-05 3.138-03 C 

9.COO+06 7.514-04 1.656+00 2.397-03 1.733+00 3.032-02 3.422+0r 6.921-17 1.525-0 :; 2.208-(16 1.59t-O~ 2.793-05 3.152-03 -I 

1.000+07 6.086-04 1.535+CO 7.122-03 1.875+00 3.495-02 3. UI!+OC 5.606-)7 1.414-03 1.955-06 1.727-03 3.219-05 3.176-03 0 
10100+07 So030-04 1.431+00 1.903-03 2.C04+00 3.934-02 3.477+0C 4.633-)7 1.318-03 1.753-06 1.84t-03 3.624-05 3.202-03 -I 

1.200+07 •• 227-04 1.342+00 1.724-03 2.123+00 4.348-02 3.S11+0( 3.893-)7 1.236-03 1.588-06 1.'15~-03 4.005':'05 3.234-03 l> ... 
10300+07 30601-04 1.265+00 1.576-03 2.232+00 4.73'?-02 3.546+0{ 3.317-~7 1,165-03 1.1.52-06 2.05~-03 4.365-05 3.266-03 

1.400+07 30105-04 1.196+00 1.451-03 2.334+00 5.112-02 3.583+00 2.860-H 10102-03 1.336-06 2.15£-03 4.70\--05 3.3nO-03 l> 
,.500+07 20705-04 1.136+00 1.345-03 2.429+00 5.465-02 3.621+00 2.&92-)7 1.046-03 1.239-06 2.231-03 5.034-05 3.335 -03 -I 

0 
1.60()+07 1.377-04 1.082+00 1.252-03 2.518+00 5.801-02 3.659+00 2.189-)7 9.966-01. 1.153-06 2.31~-1):" 5.343-05 3.371-03 

~ 1.BOO+07 1.879-04 9.886-01 1.101-03 2.662 +00 6.424-02 3.736+00 10731-)7 9.1C6-0li 1.014-06 2,47£-03 5.917-05 3.H1-03 
2.000+07 1.522-64 9.117-01 9.825-04 2.tZt-+OO 6.992-02 3.B11+(\~ 1 .4n2-~7 8.398-04 9.050-07 2 .611~-(P' 6.440-05 3.510-03 n 
2.200+07 1.258-04 8.1.68-01 8.868-04 2.960+00 7.513-02 3.1\83+00 1.159-)7 7.80-0-04 8.168-07 ?7U-03 6.920-05 3.577-03 n 
2.400+07 1.057-04 7.913-01 8.080-04 3.079+00 7.993-02 3.951+0C 9.736-)8 7.289-01. 7.442-07 2.8:"~-03 7.362-05 3.6~t)-03 ::Ill! 
2.6CO+07 9.003-05 7.430-01 7.421- 04 3.189+00 8.436-02 4.017+0C 8 .293-~1\ 6.844-04 6.835-07 2.9:"7-03 7.770-05 3.700-03 0 
2.800+07 '.763-05 7.00'1-01 6.861-04 3.289+00 8.849-02 4.079+~C 7.150-)8 6.&56-04 6.~20-01 :!.O?'~-O3 8.151-~5 3.7_57-03 VI 

3-.000+07 6.U,3-05 6.637-01 6.379-~4 3.3112+00 9.233-02 4.139+UC t ."29-)8 t..113-04 5.876-07 3.115-03 -8.5D4-05-- 3.e12-03 VI 

4.000+07 3 .~()4-05 5.274-01 4.720-04 3.761+00 1.083-01 1,,397.0{ 3.504-)1! 4.858-04 4.348-07 3.461-03 9.975-05 4.050-03 VI 

5.&00+07 ~.43"-05 4.402-01 3.745-04 4.045+0r. 1.206-01 4.606+0C 2.242-,8 4.055-04 3.449-07 3.7U-{l3 1.111-~4 4.243-03 m 

" .000+07 j .691-05 3.793-01 3.104-04 4.266+00 1.303-01 4.776+0( 10558-'1' 3.494-04 2.859-07 "!.929-03 1.200-04 4.399-03 Q 
8.000+07 •• 509-06 2 .'19~-Ol 2.312-04 4.595+00 1.451-01 5.039+0( 8. 759-~9 2.755-04 2·130-07 4.23/-03 1.336-04 4.642-03 (5 
1.ilO()+OB .. 086-\)6 2.483-~1 1.242-04 4.~29+CO 1.559-01 S.233+0{ ~ .606-)9 2.2P7-04 1.697-07 4.41,~-03 1.436-04 4.e20-03 

~ 1.500+08 2.705-06 1.768-01 1.221-04 5.203+00 1.739-01 5.554+QC 2.492-~9 1.628-04 10125-07 4.792-01 1.602-04 5.116-03 Z 
VI 

... ? .000+011 1.521-06 1.386-01 9.134-05 5.426+00 1.852-01 5.750+0C 1.401-,9 1.277-04 8.413-08 4.99f-03 1.706-04 5.296-03 

:r 3.~OO.08 6.762-07 9.8;>6-02 6.073-05 5.686+00 1.9'12-01 5.984+0~ 6.228-10 9.051-05 5.S94-()!' ~.2~'-O3 1.835-04 5.511-03 on 

~ 4.000+0~ J .804-07 7.696-02 4.548-05 5.835+00 2.075-01 6.120+0~ 3.504-'D 7.0g9-0S 4.189-08 5.375-03 10911-04 5.637-03 0 
5.000+08 ,.434-07 6.370-0;> 3.635-05 S.Q3'3+00 2.133-01 6.210+0C 2.242-10 5.1:67-05 3.348-05 5.46~-O3 1.965-04 5.nO-03 ::Ill! 

n 
:r 6.000+08 1.691-07 5.1.54-02 3.028-05 6.00h·00 2.175-01 6.276+00 I.S58-11i 5.024-05 Z .789-0~- 5.53('-03 2.003-04 5.781-0~ ." .. 8.000<0!! 4.509-08 4.260- 02 2.269-05 6.097+00 2.233-1)1 6.363+0( 8> 759-1 1 3 .92l.-C 5 2.090-DP. -5.6H-03 2.057-04 5.861-03 ::z: 
3 

1.000+09 ~ .086-08 3.505-02 1.815-05 60158+00 2.272-01 6.4Zn+OC 5.606-'1 3.<'28-05 1.672-06 5.67(-03 2'093-04 5.914-03 0 ... 1.5~O+0' i.705-08 2.448-02 1.20'1-05 6.24S+0~ 2.330-01 6.502+0C 2.492-11 2.255-05 1.114-0e 5.75t-O~ 2.146-04 5.'I~9-03 -I .. 0 
:- 2.000+09 1.5Z1-08 1.894-02 9.066-06 6.293+00 2.363-01 6.548+0C 1.401-11 10745-05 8.351-09 5.796-03 2.177-04 6.031-03 

CI 3.000+09 6.762-09 1.317-02 6.042-06 6.344+00 2.398-01 6.597+C~ 6.228 -12 1.213-05 5.56;-09 5.843-03 2.209-04 6.076-03 Z 
VI 

~ 
4.00(1+09 30804-09 1.017-02 4.531-06 6.372+00 2.419-01 6.624 +O( 3.504-12 9 >367-06 4.173-09 5.86~-03 20228-04 6.101-03 

5.0QO+(l9 l,t.3t.-09 6.313-0" 3.624-06 6.389+00 2.4~2-01 6.641+0, 20242-'2 7.657-06 3.338-09 S.BBS-0.3 2.24a-04 6.116-03 

< 6.000+(19 1.691-0' 7.049-03 3.020-0<> 6.4rl+00 2.4£ 1-01 6.652+0~ 1.5S8-12 6.493-06 2.782-09 5.896-03 2.248-04 6.127-03 

~ " .000+09 '.509-10 5.431-C3 2.265-06 6.417+00 2.453-01 6.668+0~ 8.759-13 5.002-06 2.086-09 5.91'-01 " .259-04 6.14~-03 

1,(100+10 6.086-10 4.434-03 1.812-06 6.427+00 2.461-01 6.678+0( 5.606-'3 4.084-06 1.669-09 5.97.~-0 3 2.267-04 6.151-03 

'fJ 1.500+10 1.705-10 3.064-03 1.208-06 6.441+00 2,&71-01 6.691tOC 2.492-13 2.822-06 1.113-09 5.933-03 20276-04 6.163-03 

Z 
2.CCO+10 '.57.1-10 2.356-03 9.05 9-07 6.448+00 2.478-01 6 .698+0~ 10401-13 2.170-06 8.3&4-1.:1 5.9~q-03 2_282-04 6.170-03 

!' 3.000+10 6.762-11 1.625-03 6.039-07 6.456'00 2.483-01 6.706+0( 6.228-14 1.497-06 5.562-10 5.947-03 2.287-04 6.177-03 

~ 
4.000+10 lo8M-11 1.247-03 &.529-07 6.460+00 2.487-01 6.71 0 +O~ 3.504-14 1.149-06 4.172-10 5.9~'-03 2.291-04 60180-03 

5.000+10 Zo434-11 1.016-03 3.623-07 6.463+00 2.489-01 6.713+0( 2.242-14 9.358-07 3.337-10 5.953-03 2.293-04 6.183-03 .. 6.000+10 '.691-11 8.586-04 3.019-07 6.465+00 2.£.91-01 6.715+0( 1.55/!-14 7.908-07 2.781":10 5.955-03 2 .294 -04 6.185-03 -
-0 to .000+1 0 q .509-12 6.584-04 ?265-07 6.467+00 2.492-01 6.717 +ot 1\.759-15 6.06t.-~ 7 2.086-1 II 5.957-03 2.295-04 6.1117-03 ~ '" g 1.000+11 6.086-12 5.356-04 1.812-07 6.468+00 2.493-01 6.718+0( 5.606-15 4.933-07 1.669-1 I) 5.958-03 2.296- 04 6.1118-03 



~ TABLE 6. Cross sections and mass attenuation coefficients for thE individual and total photon atom interaction processes, 1 MeV to 100 GcV, -0 .... Z = 1 to 100-Continued ~ ::r 

~ 
n 31, GA, GALLlUH ATOM IC UT. = 69.72 IIS0lKG .00086~75 BAkNS/.TOH MULTIPLY MSO/KG BY 10 FOR CHSO/G 
::r 
to 
;J PAIR PRODUCTION P ~ n PRODUCT ION 

'" 
SCHTERING SCATTER ING 

;l. PW1TON PHOTO- NUCLEA R ELECTRON TOTAL PHOTO- NUCUAR ELECTRON TOTAL 
ENHGY COHHENT INCOflER. FLECTR 1 C F IElO FIE LO COllER ENT T NCO\lE! • ElECTRI C F IHO rIEln 

0 
Q 

1 EV 80TO~ en. T ot! AIATeM e I A TOM 'f I A TOM e/ATO!! \lSD/kG KSQ/!(~ IISO/KG HSC/rG HSO/KG "SO:KG 

< 1.enO+06 6.635-02 6.53HO~ 7.35~-0;> O.OO~ 0.000 6.677+00 5.731-05 5.646-03 6.353-05 0.000 0.000 5.767-03 
~ 1.022+06 6.353-02 6.468 +00 7.037-02 G.ooe 0.000 6.602+00 5.487-05 5.587-03 6.078-05 (\.000 0.000 5.701-03 

-0 1.250+0b 4.253-02 5.850 '00 4.756-0;> 9.935-'03 0.000 5.950+00 3.674-05 5.053-(3 1..108-05 8.581-06 0.000 5.13°-03 . 1.500+06 2.956-02 5.319+GO 3.&24-02 4 .9H -P2 0.000 5.432+00 2.553-05 4.594-(3 2.957-05 4.270-05 0.000 4.69(-03 
Z 2.uOO+06 1.664-02 4.54C+00 2.105-02 1.HO-Ol 0.000 4.762+00 1.437-05 3.921-(3 1.818-05 10 589-04 0.000 4.11?-03 
!> 7.044+06 10593-02 4.48HOO ?032-02 1.976-&1 0.000 4.719+00 1.376-05 3.874-13 1.755-05 10707-04 o.ooe 4.076-03 

!" 3.0~r+06 7.401-03 3.573+0r 1.136-02 5.036-01 1.251-03 G.O't7+00 (,.393-06 3.086-(3 9.812-06 4.350-04 1.081-06 3.53F-03 
4.000+06 4.164-03 2.981+P.O 7.624-03 7.994-01 5.104-03 :!.797+00 3.597-06 2.575-0 6.585-06 6.9~S-04 4.409-1:6 3.2PO-03 

:0 5.POO+06 2.665-03 2.575+00 5.692-03 1.060+0C 1.017-02 3.654>00 2.302-06 2.224-(3 4.916-06 9.156-04 8.784-06 3.1St-03 .., 
6.C~C+06 1.851-03 2.276+0r 4.524-03 1.290+00 1.561-02 3.Sl!8+00 1.599-06 1.966-C3 3.908-06 1.114-03 1.348-05 3.090 -03 

0 
7.0110.06 1.360-03 2.01.6+00 3.746-03 1.4116+0r. 2.103-02 3.568+00 1.115-06 1.767-(-3 3.236-06 1.292-03 1.816-05 :! .08,-03 
8.COO+06 1.041-03 1.862+00 30193-03 1.6R()+/lO 2.629-02 3.573+ 00 8.992-07 1.60P.-C3 2.758-06 10451-03 2.271-05 3.086-03 
9.000+06 B.?28-04 1.711+00 2.780-03 1.848+~0 ;.132-02 3.594+00 7.107-07 1.478-C3 2.£01-06 1.596-0~ 2.705-05 3.10l-03 % 
1.00r+07 6.664-04 1.5~6+00 2.1.60-03 1.999+00 3.611-02 3.621. +00 5.756-C7 1.370-0 2 '.125 -06 • .727-03 3.119-05 3.1,.~-03 c: 
1.1Ct0+07 5.508-04 1.479+00 2.206-03 2.137+0P I, .064-02 3.659+00 4.758-07 1.277-(3 1.905-06 1.846-03 3.510.,05 3.161-03 I:IJ 

~ 
10;>00+07 4.621!-04 1.3~ 7+00 1.99'-03 2.263+00 '.492-02 3.697+00 3.997-1)7 1.198-(3 1.727-1)6 1.955-03 3./!80-~S 3.19<-03 m 
1.~OO+O7 3.943-04 1.307+00 1.827-03 2.379+00 4.8~6-02 3.737+00 3.406-07 1.129-13 1.578-06 2.055-03 4.229-PS 3.2?~-O3 ... 
10400+07 3.400-04 1.236+00 106112-03 2.4117+00 5.2111-02 3.778+00 2.937-07 1.068-B 1.453-06 2.UII-03 4.561-05 3.263-03 r 
1.500+07 2.962-04 1.174+00 1.558-03 2.588+00 5.645-02 3.820+60 2.S5!l-07 1.014-(3 1.346-06 2.235-03 4.aI6-05 3.30('-03 a 
1.600+07 2 .t. 03-04 1.118+0G 1.451-03 2.6B~.OO 5.991-112 3.863'00 2.248-07 9.657-[4 1.Z53-0t 2.317-0:! 5 .175-~5 3 .3~6-03 

~ 1.800.07 2.057-04 1.022+0C 1.276-03 2.P58+00 6.635-02 3.948+00 1.777-~7 e .e?7-[4 10102-06 2.469-03 5.731-!.l5 3.410-113 
2.000+07 1.666-0/, 9.420-01 1.138-03 3.013+00 7.221-02 4.029+00 1.&39-07 8.136-{4 9.829-07 2.60?-03 6.237-05 3.4Ft-1I3 ~ 
2.2.00.07 1.377-04 8.750-01 1.027-03 3.154+00 7.759-02 4.1GIl+OO 10 189-07 7.558-(4 8.871-()7 2.724-03 6.702-05 :I .54f-03 
2.400+07 1.157-04 8.176-01 9.361-04 3.262+00 /).254-02 " .183+00 9.99&-00 7.06?-(4 8.086-07 2.8:>:5-03 7.129-CS 3.613-03 ~ 
2.600+07 9.85'-05 7.678-01 8.596-04 3.398+00 8.712-02 4.254+00 8.516-08 6.632-t4 7.425-07 2.935-03 7.525-05 3.67<-03 Z 
?8CO+07 8.501-05 7.243-01 7.947-04 3.506+00 9.137-02 4.323+CO 7.~43-08 6.256-'4 6.864-07 3.02t-03 7.892-05 3.73.-03 1:1 
3.000+07 7.405-05 6 .P5~-01 7.388-04 3.604+00 9.534-02 4.386+00 6.396-08 '5.924-04 (;0381-07 3.113-0; 8.235-05 3.7I!t-03 

4.000+07 4.165-05 5.450-01 5.466-04 4.008+00 10118-01 1..665+00 3.598-08 4.707-PG 4.721-07 3.462-03 9.657-~S 4.030-03 9-
5.000+07 2.666-~5 4.549-01 4.337-04 4.309+0C 1.241.-01 4.B8'hOO 2.303-011 3.929-'4 3. 7t. 6 -07 3.72;>-03 1.075-04 4.22,-03 < 
6.000+07 1.851-05 3.920-01 3.594-04 4.545+00 1.345-01 5.072+00 1.599-08 3.31\6-14 3.104-07 3.926-03 1.162-04 4.381-03 m 

=v 
8.000+07 1.041-05 3.091-01 2.677-04 4.894+00 1.497-01 5.353+00 8.992-09 2.670-H 2.312-07 4.227-C3 1.293-04 4.624-03 cg 
1.000+08 6.664-06 2.566-C1 2.133-04 5.143+00 1.608-01 5.561+00 5.756-09 2 .216-~4 1.84;>-1)7 4.UZ-03 1.389-01. 4.803-03 9-
1.500+08 2.962-06 1.e27-01 1.414-04 5.53'1'00 1.793-01 5.901+00 2.558-09 1.S78-~4 1.221-01 4.7B4-03 1.549-1)4 5.097-03 
2.000+08 1.666-06 1.433-01 1.057-04 5.775+00 1.909-01 6.109+00 1.439-1)9 1.238-r4 9.130-0E. 4.988-0~ 1.649-04 5.277-03 
;.~~O+08 7.404-07 1.015-01 7.030-05 6.050+00 2.052-01 6.357+00 6.3'>5-10 8.767-{5 6.072-08 5.226-03 1.772-04 5.49'-03 
4.COO+OR 4.165-07 7.952-02 5.265-05 t-.209+00 2.138-01 6.502+00 3.598-10 6.869-( 5 4.548-08 5.363-03 1.847-04 5.616-03 
5.000+08 2.666-07 6.583-07 G.20B-05 6.313+00 20197-01 6.599+00 2 .303-1~ 5.6P.6-(S :5 .635-08 5.453-03 1.898-04 5.690 -03 
0.000+08 10851-07 5.636-02 3.505-05 6.387+00 2.241-01 6.667+00 1.599-10 4.868-' 5 3.027-oS 5.517-03 1.936-01. 5. 75~-O3 
P.OOO+OS 1.041-07 4.402-07- ,.627-05 6.486+00 2.301-01 6.760+00 8.992-11 3.802-~5 2.269-08 5.602-03 1.987-04 5 .83~-03 
1.000+09 6.664-08 3.621-02 2.101-05 6.550+00 2.341-01 6.820+00 5.756-11 3.128-(5 1.815-08 5.658-03 2.022-04 5.J!9~-D3 

1.500+09 7.962-08 2.52')-02 1.400-05 6.643+00 2.400-01 (, .908 +00 2.558-11 2.11\4-(S 1.209-013 5.738-03 2.073-04 5.967-03 
? .000+09 1.666-0~ 1.957-02 1.049-05 6.693+00 2.434-01 6.956+00 1.439-11 10690-( 5 9.061-09 5.781-03 2.102-04 6 .OO~-O3 
3.000+09 7.404-09 10361-02 6.994-06 6.71.8+00 2.471-01 7.009+00 6.395-12 1.176-;S 6.0&1-09 5.829-03 20134-04 6.0'H-03 
4.cno+o, 4.165-09 1.051-02 5.245-06 6.777>00 2.493-~1 7.037~OO 3.596-12 9.078-G6 4.S30-0'i 5.e54-03 2.153-0" 6.0lE-03 
5.000+09 2.1,66-09 8.590-03 4.195-06 6.796+00 2.506-01 7.il5S+00 2.303-12 7.420-(6 3.623-0'> ~.l!n-03 2.165-04 6.094-0 .. 
6.COO+09 1.f51-09 7.284-03 3.496-06 1>.809+00 2.515-01 7.068+00 1.599-t~ 6.292-(6 3.020-09 5.881-0: 2.172-04 6.10~-O3 

~.OOO+(\9 10041-09 5.612-03 2.622-01> 6.825+00 2.528-01 7.083'00 8.992 -13 4.1!47-C6 2.265-09 5.895-03 2.184-04 6 .11~-D3 
10000+10 6.664-10 4.582-03 2.097-V6 6.836+00 2.536-01 7.094+00 5.756-13 3.958-(6 1.811-09 5.905-0: 2.190-0/. 6.1~f-D3 

1;500+10 ?962-10 3 0167-03 1.398-06 6.850+00 2.546-01 7.108+00 2.S5E-13 7.735-(6 1.208-09 5.917-03 . 2.199-04 6.P~-03 

2.0~0+10 1.666-10 2.434-03 1.049-06 6.858+00 2.553-01' 7.116+00 1.439-13 2.102-(6 9.061-10 5.92~-03 2.205-114 6.146-03 

3.COO+l0 7.404-11 1.679-03 6.990-07 6.867~00 2.559-01 7.125+00 6.395-14 1.450-(6 6.038-10 5.9!1-03 2021G-04 6.15l-03 
4.COO+10 4.165-11 1.289-03 5.243-07 6 .87ho 0 2.563-01 7.12'·00 3.598-14 1.113-(6 4.529-1(1 ~.935-03 2.214-04 6.157-{)J 
S.OPO+10 2.666-11 1.050-03 4.194-07 6.874'Or. 2.565-01 7.132+00 2.303-14 9.069-(7 ~.623-10 5.937-03 2.216-04 6 .16~-O3 
6.000+10 1.851-11 8.~73-04 3.495-07 6.876+00 2.566-~1 7.133+00 1.599-H 7.664-(7 3.019-10 5.939-03 2.;>16-04 6.162-03 

e.eOO+10 1.041-11 6.803-04 2.621-07 6.878+00 2.56E-Ol 7.135+00 lh992-1S 5.876-07 2.764-10 5.941-03 2.218-04 6.163-03 
1.000+11 6.664-12 5.535-04 2.097-07 6.879.00 2.569-01 7.136+00 5.756-15 4.781-(7 1.1111-1£ 5. 9 42-03 2.219-1/4 6.16<-03 



T ABLl'l 6. Cro~s sections and mass attenuation coefficieDts for t.he individual and tota! phot{)n at .. ,n in:-e"'c!ion p:-<:-t"J.!~, I )I~~' ~.:.. 1 (T~> t;'~ 'it .. 

Z=l to lOo-Continuf'.d 

32, GE, GER"AHIUH ATOHIC VT. = 72.\9 IISO/KG .00082960 BAR~S/ITO" ~ULTIPLY HSO/Kfe BY 10 FOR (HSO/G 

PA IR PRODUCT ION PA IR PROOUCTION 

SCATrE"l HG SCArTER ING 

PHOTON PHOTO- NUCLEAR El fcrRON TOT Al PHOTO- NUCLFAIt ELECTRON TOHL 

E HERG Y COHER ENT I~COHER • £LEClRIC FJELD f JEtD COHERE'If INCOHH. ELECTRI C F I EtD FIELD 

EV EI ATOM l/ATOH BIATOH B /ATOH .B/ATOII B IATOH MSOJ'KG IISO/KG IISO/KG IISO/KG liSa/KG HSOIICG 

1.000+06 7.242-02 6.747+00 8.526-02 0.000 P..ooo 6.905+00 6.0011-0> 5.597-(3 7.073-05 0.000 0.000 5.7<'3-03 ." 
~ 

1.0n-06 6.935-02 6.676+00 8.158-02 0.00(\ 0.000 6.827+00 5.753-0; 5.538-(3 6.768-05 0.00 n o.ooe 5.66,-&3 Ii 
1.250+06 4.643-02 6.03!+OO 5.512-02 1.073-02 0.000 6.150+00 3.852-0> 5.009-(3 4.573-05 8.902-06 0.000 S.10?-03 

1.500+!l6 3.227-02 5.490+00 3.%8-02 5.320- 0 i 0.000 5.615+00 2.677-05 4.554-C3 3.292-P5 4.4n-os 1),000 4.653-03 ... 
2.000+06 1.817-02 4.687+00 2.43 7-02 1.971-111 o.~oo 4.927+00 1.507-05 3.888-C3 2.022-05 1.6:5-0& 0.000 4.01"-03 :IU 

,.044+06 1.74 0-02 4.6,9+0(1 2.353-0< 2.116-01 0.000 4.882+00 1.443-0> 3.840-(3 1.952-05 10755-04 0.000 4.05'1-03 :; 
3'000+06 P. .080-03 3.689+00 1.314-02 5.378-01 1.291-03 4.249+00 6.7 03-0; 3.1)60-(3 1.096-05 4.462-04 1.071-06 3.525-03 r-

4.000+06 4.546-03 3.077+00 8.813-03 8.526-01 5.<'69-03 3.948+00 3.771-0~ 2.553-f3 7.311-06 7.073-04 4.371-06· 3.271-03 !:!I 
5.0CO+06 2.910-03 2.651l+00 6.576-03 1.130+00 l.il49-0Z 3.808+00 2.414-00 2.205-('3 5.455-06 9.374-()4 8.702-06 3.1sQ-a3 ~ 

6.000+06 2.0~1-e 3 2.349+00 5.225-0~ 1.374+00 1.611-D2 3.746+00 1.677-p\ 1.949-[3 4.335-06 1.14{l-03 1.336-05 3.103-03 ~ 
7.000+06 1.4F.5-03 2.112+00 4.325-03 1.592+01) 2.17(j-?2 3.732+00 1.232-06 1.752-C3 3.S88-96 1.321-03 1.800-05 3.C9b-03 Z 
8.000~06 1.137-03 1.922+00 3.685 -03 1.788+00 2.71~-~2 3.7&2+00 9.433-07 1.594-(3 3.057-06 1.483-03 2.251-0S 3.10,-03 C 

9.000+06 8.9 82-04 1.767+00 3.Z08-0:! 7.96,,+00 3.232-02 3.769+00 7.4S1-~7 1.466-03 2.661-06 1.631-0 :! 2.681-05 3.12'-03 ... 
1.0P!)+07 7.276-04 1.637+0.0 2.839-03 2.127+00 3.726-02 3.805+00 6.036-07 1.358-03 2.355-06 10 76 5-03 3.091-05 3.15.-03 0 
1.100+07 6.013-04 1.527+00 2.545-03 2.27&+00 4.194-()2 3.846+00 4.988-0 r 1.267-03 2.111-06 1.887-03 3.479-05 3.191-03 ... 
1.2111H07 S.Cl53-04 1.432+00 2.306-C3 ?AOS.OIl I. .63"'-02 3.8M·OIl 40192-CI 1.1S8-()3 1.913-06 1.99B-(l0 3.846-~5 3.22;'-03 ~ 

1.300+07 4.305-04 1.349+00 2.107-03 2.533+00 5.052-02 3.935+0C 3.S71-07 1.719-C3 1.748-06 2.101-03 4.191-05 3.265-03 r-

1.400+07 ~ .712-04 1.276+ro 1.940-03 2.648+00 5.449-02 3.981+CU 3.079-07 1.059-£3 1.609-D6 2.197-u3 4.526-05 3.302-03 ~ 
10500+07 3.<'34-04 1.212+00 1.797-03 2.755+00 5.~25-02 4.027+00 2.683-01 1.005-C3 1.491-06 2.286-03 4.832-05 3.34 !-03 ... 
1.6000(17 2.842-04 1.154+00 1.674-03 2.P-56+00 6.182-02 4.074+00 2.358-07 9. 57 4-~4 1.389-0l- 20369-03 5.129-05 3. 3g.)- 03 0 
1.8QO+07 2.246-04 1.054+00 1.471-03 3.040+0U 6.846-02 4.164+00 1.863-01 8.744-04 1.22n-D6 2.sn-03 5.679-05 ~.451-03 ~ 
2.000+07 1.819-04 9.724-fll 1.312-03 3.205+~0 7.450-02 4.253+00 1.509-0 7 8.067-~4 1.088-06 2.659-03 6.180-05 3.529-03 n 
2.200+1l7 1.503-~4 9.032-01 1.184-C3 3.354+00 8.004-02 4.339+00 1.247-07 7.493-04 'h8Z2-H 2.782-03 6.640-0S 3.599-0~ 

2.400+07 1.263-04 8.440-01 1.079-03 3.490+00 8.S15-0? 4.420+0~ 1.048-07 7.002-~4 e.951-H 2.895-03 7.064-05 3.66'-03 n 
2.600+07 1.076-04 7.92 5-01 9.909-04 3.614+00 8.987-02 4.497+00 8.926-0$ 6.575-04 8.2Z0-P 2.998-03 7.456-05 3.731-03 :IU 

2.8CO~1l7 9.281-05 7.476-01 q.160-04 3.728<00 9.425-02 4.571·()O 7 .69q-()~ 6.202-Q4 7.5<;9-01 3.1J1i3-()3 70819-05 3.79<-()3 0 
3.000+07 8.085-05 7.07<;-01 8.516-04 3.833+00 9.83&-02 4.640+00 6 .707-0~ 5 .873-~4 7.065-07 3.180-03 8.158-05 3.849-03 CIt 

UI 

4.000+07 4.548-05 5.626-01 6.300-04 4.26Z+0C 10 153-01 4.941+00 3.773-0$ , .667-01. 5.226-07 3.536-03 9.565-05 4.099-03 

5.000+07 2.910-05 4.696-01 4.998-04 4.5111+00 1.283-01 5.179+0{l 2.414-0S 3.S96-Q4 4.1&6-07 3.800-03 1.064-04 4.29 7 -03 UI 
m 

6.000+07 7..021-05 4.046-01 4.142-04 4.fl31"no 1.386-01 5.375>00 1 .677-0$ 3.357-04 3.436-07 4.008-03 1.150-04 4 .459-03 n 
F.000 ... 07 1.137-05 3.191-01 3.0P5-04 5.201'00 1.54c-01 5.675-uO '10433-09 2.647-04 2.559-07 4.315-03 1.279-04 4.703-03 ... 
1.000+08 7.276-16 2.648-01 2.457-04 5.464·00 1.6<6-01 5.895+00 6.036-0 Q 2.197-04 2.038-17 4.533-03 1 .374-~4 4.89~-03 (5 

!- 1.S0C+08 3.234-06 1.886-01 1.629-04 S.8P3+00 1.8/.6-01 6.256+00 2 .683-0~ 1.565-04 1.351-l7 &.881-0, 1.531-04 5.190-03 Z 

... 2.COO+Ol! 1.~19-06 1.479-dl 1.71F-04 6.134+00 1.966-01 6.479+00 1.509-M 1.227-f14 1.010-H 5.089-03 1.631-04 5.375-03 CIt 

::r 3.01l0+0a 8.084-07 1.048-01 II .098-0 5 6.42S+00 2.113-01 6.7"+00 6.706-1& 8.694-05 6.718-08 5.330-03 1.753-04 5.591-03 
"'" 

~ 4.00C+08 4.547-07 8.2119-02 6.065-05 6.592+61i 2.201-()1 6.894+00 3.772-10 6.810-05 5.1132-011 5.469-03 1.826-04 5.719-03 0 

n 
5.000+08 ;?'?10-07 6.795-02 4.848-05 6.703+()O 2.262-01 6.997~OO 2.414-11 5.637-05 4.022-08 !'.s61-03 1.877-04 5.80\-03 :IU 

::r 6.0CO+08 2.021-07 5.818-02 4.037-05 6.781-00' 2.307-01 7.070+00 1.677-H 4.827-05 3.349-D8 5.625-03 1.91l.-04 5.865-03 .. 8.000+08 1.137-~7 4.S44-02 3.026-05 6.PB6>0 0 2.368-01 7.168+00 9.433-11 3.770-05 Z.S10-08 5.713-00 1.964-04 5.947-03 'V 

~ 1.000+09 7.276-08 3.738-02 2.420-r5 6.954+00 2.4 O'i-O 1 7.7.32+00 6.036-11 3.101-05 2.~ 06-08 5.769-03 1.'98-04 6.00~-03 
::z: 

'" 1.5eo+o· 3.?34-ell 2.611-fl2 1.612-05 7.C5?·OO 2.470-01 7.325+00 2.683-11 2.166-05 1.337-D8 5.85/1-03 2 .049-~4 6.07 7 -03 0 
.. ... 
;00 7..000+09 1.~19-08 2.021-02 1.209-05 7.106<00 2.505-01 7.377+00 1.509-11 1.677-0S 1.003-011 5.89')-03 2.071>-04 6.121-03 0 
1:1 

3.000+0'1 ll.084-09 1.4C5-0? 8.0~6-06 7.164 .. 00 2.543-01 7.432+00 6.706-1t 1.166-05 6.683-09 5.943-03 Z.110-04 {o.166-03 Z 
D 4.0~0+0' 4.547-09 1.084-02 6.041-06 7.195·00 2.565-01 7.462-00 3.772-12 8.993-06 5.012-09 5.969-03 2.128-04 6.191-03 CIt 

~ 5.000+0'1 2.910-09 ~.867-03 4.~33-06 7.2l5·0r 2.S79-01 7.482+00 2.414-1t 7.356-06 4.009-DQ 5.91'6-03 2.140-04 6.2(P-03 

< 6.000+09 2.021-09 7.519-1)3 4.027-06 7.228·00 2.58'1-01 7.494+00 1.617-12 6.238-06 3.341-09 5.996-03 2·148-04 6.21>-03 

l!- ~.OOO+09 1.137-09 5.793-03 3.020-06 7.246·00 2.601-01 7.512+00 9.433-H 4.81)6-06 2.505-09 6.011-03 2·158-04 6.237.-03 

1.000 ... 10 7.,76-10 4.730-03 2.416-06 7.25HOC 2.609-01 7.523+00 6.036-H 3.924-06 2.004-09 6.020-03 2.164-04 6.21.1-03 

~ 1.~~0""0 3.234-10 3.269-03 1.611-06 7.273·00 2 .620-01 7.538+00 20683-13 7..712-06 1.336-0<;> 6.034-03 Z.174-(l4 6.254-03 

Z 
2.000+10 1.819-10 2.513-03 1.208-06 7.28,.00 2.67.7-01 7.51.6+00 1.509-13 2.085-~6 1000;>-09 6.0£0-03 2.179-04 6 .26~-O3 

!' 3.0 00+ 10 8.C84-11 1 • 733-~3 8.052-07 7.290·00 2.633-01 7.555+00 6.706-11 1.438-~l' 6.680-10 6.048-03 2.1114-04 6.264-03 

4.000+10 4 .~47-11 10331-03 6.039-07 7.295+00 2.637-01 7.560~OO 3.772-11 1.104-06 5.010-H 6.052-03 2.188-04 6.272-03 

!" 5.000+10 2.<110-11 1.083-03 4.831-07 7.297~00 2.639-01 7.562+00 2.414-11 e .98 5-0'7 4.008-10 6.054-03 2.189-04 6.273-03 .. 6.000+10 2.021-11 9.159-0£ 4.026-07 7 .299~0() 2.61.1-01 7.564+00 1.677-11 7.598-07 3.340-10 6.055-03 ;1.191-114 6.275-03 

-0 8.000+10 1.137-11 7.023-04 3.019-07 7.302~OO 2.642-01 7.S61+00 9.433-15 5.826-07 2.505-10 6.058-03 2.192-04 6.27 7-03 ~ GO 
0 1.01)0+11 7.t76-12 5.714-04 2.416-07 7.303+00 2.6&3-01 7.568+00 6.036-1\ 4.740-07 2.004-10 6.059-03 2.193-04 6 .27~-03 foil 



~ TABLF, 6. Cross sect,ions and mass attcmJation coefficien-;s for the individual :tnd total photon atom interaction process~ 1 MeV to 100 GeV ... Z = j to 100--- -Continllco ' , ~ ".. 
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It SCATTERII'4G SOTTER IHC ,... 
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l? ENERGY COHE/IENT lKCOHfR. [HCTR It fiElD fIE lP COHERENT INCOIlER. ELECTRIC fiELD rlElt 

ii - EV R/ATOM f·/ATD>I ~/UOl'! BIA TOl'! S fA TOM ~IA TOil "S~/KG "SO/KG MSO IK C MBa IK C folSO/KG MSO IK. 

< 
~ 1.00~+06 7081>3-02 6.957+00 9.836-02 C.OOO ~. 00 0 7.134+00 6.336-05 5.592-03 7.906-0\ 0.00 ~ O.ODO 5.731.-03 

-0 
1.0?2~O6 7.549-02 6.81;4+00 'Je411-02 t.ooo 0.000 7.054+00 6.068-05 5.533-03 7.564-0S 0.001) 0.000 5.670-03 . 1.250+06 5.05£-02 6.226+00 6.358-02 1.158-02 ~.ooo 6.352+00 4a 062-05 5.004-03 5.110-0\ 9.308-06 0.000 S.1~5-D3 

Z 10 5 00+06 3.513-02 5.661+QO 4057S-C2 5.713-C2 0.000 5.799+00 2.8<'4-05 & .550-03 3.677-0; I. .592-05 0.000 4.661-03 
<!' 2.00~+06 , .978-Q2 4 d!33+ 00 2.e08-02 2.l0E-01 0.000 5.092+00 105<10-05 3.885-03 2.257-01 1a69£-M 0.0 on 4.0Q3-D3 

!" 2.044+0~ 1.89&-02 4.7n+OQ 2.712-02 2.262-01 hOOJ 5.946+00 1.522-05 3.837-03 2.180-01 I.S1~-04 0.000 4.Q56-0! 
3.100+C[ B .797-03 3.804+00 1.513-02 5.732-01 1.331-()3 4.402+00 7.011-06 3.058-03 1.216-0, 4.607-04 1.070-06 3.539-0:3 

:0 4. !)01l+06 4.950-03 3.173+00 1.0H-C2 S.075-01 \.433-03 4.101+00 3.979-06 2.550-03 8.150-0< 1.2~4-04 4.367-06 3.2<'6-03 ... 5.000+06 3.168-03 2.741+00 7.561-03 1.202+00 1.082-02 3.965+00 2.546-06 2.203-03 6.077-01> 9.661-04 8.697-06 3.187-03 
0 

6.000+06 2.200-03 2.423+00 6.005-r3 10460+00 1.661-02 3.908+1)0 1.768-06 1.948-1)3 4.827-0" 1.174-03 1.335-05 3.1&1-03 

1.000+06 1.617-03 2.178+00 4.97C-03 1.691>00 1.238-C;> 3.898+00 h3()()-06 1.751-03 3.995 -Co 1.3~~-O3 1.7'l9-05 3.133-03 

S.000+06 1.238-C3 1.982+CO 4.234-03 1.899+00 l.797-02 3.914+00 9.951-~1 1.593-C3, 3.403-0- 1.526-03 2.246-05 3.1'6-03 :J: 
c;.oaO*06 ?780-114 1.~22+00 3.685-03 2.081'+00 10333-02 3.948+00 7.861-07 1.464-03 2.962-0. 1.6 7~-O3 2.679-0S 3.173-03 c:: 
10000+07 7.922-04 1.688+00 3. 260-~3 2.259+00 30842-02 3.989+00 6.368-07 10 357-03 2.62/}-lJiJ 1.;;16-03 3.088-05 3.201-03 I:D 

10100'07 6.5£7-04 1.574*00 2.922-03 2.415+0f) 4.324-02 4.036+00 5.262-07 1.265-0 :< 2 .31. 9-~. 1.941-03 3.416-~5 ,.244-03 OJ 
1ft 

10200+07 5.501-04 1.477+110 7.647-C3 2.SS8~OO !.779-02 4.086+1)0 4.422-07 1.187-03 2.128-0. 2.056-03 3.841-05 :3 .284-03 ,.. 
<1.300+07 £ .687-04 1.3 Q 1+1){) 2.41?-03 2.689+00 ,.20!l-P2 4.135+00 3.767-07 10118-03 1.944-0b 2.,61-03 4.186-05 3.324-03 r 
1.400+07 1 .. 042-04 1.316+00 2.221-03 2.811+00 ,.617-02 4.186 +0 0 3.249-07 1.058-03 1.790-0. 2.259-03 1..515-05 3.364-03 Q 
1.500+07 3.521-04 1.249+00 2.063-03 2.925+00 •• 004-02 4.236+00 2.830-07 1.()~4-03 1.6se-o. 2.3~1-03 4.1126-05 3.405-03 

1.6CD+07 3.094-01. 1.190+00 10921-03 ~.032*00 •• 373-02 4.288+00 2.487-07 9.565-04 1.544-0. 2.437-03 5.122-05 3.1.4 7-03 i 
1.600+07 2.44 5-04 1.087+00 1.68'1-0:'\ :.227+00 r.056-02 4. 3a6~OO 10965-07 8.737-04 1.358-0' 2.594-03 5.671-05 3.526-03 l' 2.000+07 1.981-04 1.C03+00 1.506-03 ~.&O1+00 1.679-02 4.482+00 10 592-07 8.062-04 1.210-0. 2.734-()3 6.172-05 3.603-03 

?20(H07 1.637-04 9.31&-01 1.359-(\3 3.560+00 3 .250-02 4.575+00 1.316-07 7.486-04 1.()92-0i> 2.861-03 6.631-()S 3.6713-03 :I> 
2.400+07 1.375-64 8.104-01 1.231l-C3 3. 704+00 ~.775-02 4.664+00 1.105-07 6.9'16-1)4 9.951-0? 2.977-()3 7.{)53-05 3.748-03 Z 
2.600+07 1.H2-04 8.173-01 1.131-03 3.835'00 9.261-02 4.746+00 9.&20-0e 6.569-04 9.139-{)7 :<.082-C3 7.£44-05 3.815-03 

" 2.800+07 1.010-04 7.710-01 10051-03 3.956+110 9.713-02 4.f>25·00 8.118-08 6.197-04 8.441>-07 3.180-03 7.8()7-0S 3.878-03 

3.000+07 8.802-05 7.301-01 9.769-04 j.068+(l0 1.013-01 4.900+1)0 7.075-08 5.868-04 7.852-0' 3.270-03 8.142-05 3.939-03 "$ 
4.COO+01 4.951-05 5.801-lll 7.226-04 1.522+00 1.188-01 5.222+00 3.980-08 4.663-04 5.1\01\-07 3.635-0: 9.549-05 4.197-03 < 
5.000~O7 3.16'-05 , .81<3-01 5.132-04 1.8e1+00 1.321-01 5.478+00 2.5&7-08 3.893-0& 4.607-0r 3.907-03 1.062-04 4.1<03-03 1ft 

~ .0 OO.!)7 2.200-05 4.172-01 4.750-04 5.125-00 1.427-()1 5,685+00 1.768-08 3.353-04 3.'118-07 4.119-li3 10147-04 40570-03 ::a 
all 

,.000+07 1 .238-05 3.291-01 3.537-04 ~.5t7+()0 1.588-01 6.005+00 9.951-09 2.645-04 2.843-07 4.43£-03 1.276-04 4.827-()3 -& 
1. n OO+08 7.921-06 2.131-01 2.818-04 5.795.00 1.705-01 6.239+00 6.367-09 2.195-01. 2 .265-~7 4 ,,6 51'-03 1.370-04 5.015-03 

1 .500+ 08 3.5,,1-06 1.945-01 1.a68-04 l.238+00 1.900-01 6.623+00 2.830-09 1.563-04 I.S01-07 5.011.-03 1.527-04 5.323-03 
,.ocr+OB 1.930-06 1.525-fl1 1.397-0& t.5()2+00 Z.()22-()t ('.857+00 1.591-09 1.226-lit. 1.123-07 5.226-03 1.625-(14 5.511-03 

3.00(\+08 8.802-07 1.0~1-01 9.285-1)5 6.210+00 z.173-01 7.135+00 7.075-10 8.689-05 7 •• 63-03 5.1,74-03 ,. 74 7-04 5.735-03 

& .~~0·08 4.951-07 e .£65-02 6.953-05 t.9fi7+0n ?Z6£-01 7.298'00 3.980-10 6.80&-05 5.589-08 5.616-03 1 .820-('4 5 .866-03 
5.000.08 3.169-07 7 .008-02 s.ssa-05 7.103+00 2.326-01 7.406+00 2.547-10 5.633-05 4.467-0& 5.709-03 1.87u-04 S .953-03 
6.0e~+OR 2.20Q-07 6.QOO-OZ 4.629-05 7.186+0C 2.37;1-01 7.483+00 10768-111 4.823-05 3.121-0& 5.776-03 1.907-04 6.015-03 

r.oou+08 1.738-07 4.686 -02 3.469-05 7.297+00 2.£35-01 7.5~7.00 9.951-11 3.767-05 Z.78@-03 5.865-03 '.'157-()4 6.09Q -O" 
1000NO'I 7.n1-0!! 3.855-02 2.774-05 1.36'+00 Z .477-01 7.655+00 6.367-11 3.099-05 2.230-0r 5.923-03 1.991-04 6.15:>-03 
1.500+09 3.521-08 2.692-02 1.848-0, 7.473+00 2.539-01 7.754+00 2.830-11 2.164-05 1.485-08 6.007-03 2.041-04 6.2,,2-03 

2.000+0'1 1.'180-08 2 .na4 -02 1.386-1)5 7.530.1i 0 1.575-01 7.808~00 1.591-11 1.675-05 10114-03 6.052-03 2.010-114 6.276-03 
3.0~O+O" !'.802-09 1.4£9-112 9.236-Qti 7.,91+00 Z .613-01 7.867+00 7.075-12 1.165-05 7.42£-09 6.101-03 2.100-()4 6.323-03 
4a6nO~0'i 4.951-09 1.118-02 6.926-Q6 1.624+0C Z.636-(I1 7.~99~00 3.980-12 8.986-G6 5 .S67-0~ 6.128-03 2 .119-0~ 6.349-03 

s.OOP+09 3.169-09 9.1U-03 5.541-06 •• [,1.4+00 10650-01 7.918+00 2.547-12 7.350-06 4.454-0~ 6.144-03 2.130-06 6.364-03 
6.000+09 2.200-09 7.754-03 4.617-06 7.659·0G Z.65'1-Ql 1.933+00 10768-12 6.233-06 3.711-0' 6.156-03 2.137-04 6.376-03 
8.000+0'1 t .238-09 5.974-03 3.46;>-06 7.678+00 la672-01 7.951+00 9.951-13 4.802-f)6 2.783-09 6.171-03 2.148-04 6.39'-03 
1.0eO+10 7.921-10 4.1118-03 7.770-06 7.689+00 2.681-01 7.962+00 6.367-13 3.921-06 2.226-09 6.HI'-03 2.155-()4 6.4~O-O3 

1.500+10 3.521-10 3.371-03 1.846-06 7.706+00 7.692-01 7.97'+00 2.830-13 2.710-06 1.4~4-09 6.194-03 2.164-1)4 6.413-aJ 
2.0~O~1O 1.980-10 2.592-03 1.385-06 1.715+00 1.698-01 7.987+00 1.591-13 2.083-06 1.113-09 6.l01-03 2.169-04 6.420-03 
3.0&0+10 8.802-11 1.787-03 9.232-07 1.724+00 1.704-01 7.996+00 7.075-14 1.436-06 7.4211-H 6.208-03 2.173-04 6.427-03 
1..0GO+tO 4.951-11 1,372-03 6.924-07 7.729+00 Z.7DS-01 8.001+00 3.980-14 1.103-06 S.S65-H 6.212-D3 2.177-04 6.431-03 
5.0CO+10 3.169-11 1.117-03 5.539-07 7.73'2+06 1.711-01 8.004+00 2.547-14 8.978-01 4.452-11 6.215-03 2.179-04 6.434-03 
6.000~10 2.200-11 9.&45-04 4.616-~7 1.73'+00 Z.712-01 8.006+00 1.768-14 7.592-07 3.71()-H 6.216-03 2.180-04 6.435-03 
8.000~10 1.238-11 7.247-04 3.462-07 •• 737+01) 2.714-01 8.009+00 9.951-15 5.821-07 2e783-H 6.219-03 2.181-04 6.438-03 
1.000.11 7.921-12 5.892 -04 ?769-07 7.738+00 1.715-01 8.010+00 6.367-15 4.736-07 2.Z26-H 6.220-03 2.182-04 6.438-03 



TAllT.E 6. Cross sections and mass attenuutio:l coefficients for the individual and total photon atom interaction proces8es, 1 ~ic\- to 100 GeY, 
Z=l to lOG-Continued 

34, SE. SELENIU~ ATOMIC n. = 7~ .96 MSO/KG .00076267 BARNS/ATOM MULTIPLY ~SO/KG BY 1n FOR C~SO/G 

PA IR pRODUCT leN P~IR PRODucTiON 
SCATTERING SOTTER ING 

P~OTO" PflOTO- NUClEAR ElECTRON TOTAL PHOH- NUCLEIR ELECTRON TOTAL 
ENERGY C(1IlEHNT TNCOHER. ELECTR Ie FIELD FiElD COHEl<ENT lNCOHER. ELECHTC flED !'IElO 

EV BfA TO~ B I ATOM alA TOM BnrOfo! B fA TOM B/ArO" MSO/KG ltSO/KG "SO/KG MSD I(G HSOIKG HSO/KG 

1.000+06 8.558-02 7.16/l+0n 1.129-01 0.000 0.000 7.366+00 6.527-05 5.467-03 8.611-05 0.000 0.000 ~.61p-O' 
." 

1.~22'O 6 8.1'16-02 7.092+00 1.081-01 0.000 0.000 7.282+00 6.251-05 5.40Q-03 8.244-05 0.000 0.000 5.554-03 ~ 
10250+06 5.488-02 6.414+00 7.300-02 1.2H-02 0.000 "'.554+00 4.186-05 4.892-03 5.561-05 9.503-06 0.000 4.9'19-03 ?G 
1.500+06 3.R15-02 5.832'00 5.252-02 6.126-02 0.000 5.984+00 2.910-05 4.448-03 4.006-05 4.672-05 0.000 4.564-03 .... 
;> .00(1+0 6 Z.148-02 4.979.00 3.222-02 2.250-01 o.noo 5.258+00 1.638-05 3.797-03 2.457-05 1.716-04 O.OOij 4.01r.-03 '" 2 .OH+O 6 2.057-02 4.918 +Ot 3.111-02 2.414-01 0.000 5.211+00 10569-05 3.751-03 ... 373-05 1.841-04 O.OilO 3.974-03 :;; 
3.00()+O6 9.553-03 3.919+00 1.134-02 e.100-01 1.371-D3 4.557+00 7.286-05 2.989-03 1.322-05 4.652-04 1.046-06 3.476-03 .-
4.000+06 5.!75-03 3.270+110 1.161-0Z 9.643-0' 5.597-03 4.257+00 4.099-06 ;> .494-03 8.855-1.'6 7.354-04 4.269-06 3.2£7-03 m 
5.000+06 3.441-03 2.824+00 3.656-03 1.276+00 1.115-02 4.123·00 ;> .624-06 ;>.154-03 6.602-06 9.73;>-04 e .504-06 3.145-03 :"' 
6.000.06 2.389-03 2.496+00 6 .872-~3 1.540;.+00 1.711-02 4.071+00 1.822-0S 1.904-03 5.241-06 1.181-03 1.305-05 3.105-03 ):. 
7.000<06 1.756-03 2.244+00 5.68t-03 1.79A+uO 2.305-02 4.068+00 1.339-06 1.711-03 4.337-06 1.368-03 10758-05 ~.103-03 Z 
'.OO~+06 1.344-03 2.042+00 •• 843-03 2.013+00 2.8Rl-02 4.091)+00 1.025-05 1.557-03 3.694-06 10535-03 2,'97-05 ~.119-03 C 
<).000+06 1.062-03 1.877.00 1.214 -03 ~ .213+(10 3.433-02 4.131)+00 8.100-07 1.432-03 3.214-06 10688-03 2.618-05 3.150-03 
1.0DC+"07 8.603-04 1.739+00 30 728-0 3 ~.394+00 3.957-02 " .177+00 6.561-07 1.326-03 2.843-06 1.P,~6-03 3.018-05 3.186-03 .... 
lo1~O+07 7.110-04 1.622+00 3.341-03 2.56C+00 4.454-02 4.231+00 5.423-1)7 1.237-03 2.548-06 1.952-03 3.3S7-C5 3.2<7-03 0 .... 
1.nO<07 5.974-04 10521+00 3.026-03 ~.711+00 A .92;>-02 " .285+00 4.556-07 1.160-03 <,.301i-06 2.068-0" :3.754-05 3.268-03 ):. 
1.3~O+O7 5.090-04 1.433+00 2.765-03 ?f·50+01) 5.364-02 4.340+00 3.882-07 1.093-03 2 .'0.9-D6 2.174-03 4.091-05 3.310-03 .-
1.410+07 4.389-04 1.356+00 ,.S45-t'3 ~.979+00 5.785-02 4.396+00 3.347-07 1.034-03 1.941-16 2.27;>-03 4.412-05 3.353-03 

~ 1.5)0+07 3.824-04 1.287+00 ,.357-03 3.100+00 6.181,-02 4.452+00 2.916-07 9.816-04 1.798-D6 2.364-03 4.716-05 3.395-03 

"'" 1.6)0+07 3.361-04 1.?26+ilO '.195-03 5.Z13+0G 6.563-02 4.507+00 2.563-07 9.350-0& 1.674-1(- ;>.£5(1-03 5.005-05 3.437-03 0 
1.!!1~+07 ;>.655-04 1.120+00 10929-03 30419+00 7.267-02 4.614+00 2.025-07 1!.542-04 1.471-16 2.6eS-03 5.542-Q5 3.519-03 ~ 
2.010+07 2.151-04 1.0:n+Oc 10721-03 J.605<00 7.907-02 4.719+00 1.641-07 7.878-04 1.313-)6 2.749-03 6.030-05 3.59'1-03 n 2.<'BO<07 1.778-04 9.507-01 1.553-03 !o772+00 8.495-02 4.818+00 1.356-07 7.31'1-04 1.184-·)6 2.877-03 6.479-05 3.675-03 
2.HO+07 1.494-04 I' .968-01 1.414-03 30925 +GO 9.036-02 1 .. 914+00 10139-07 6.840-04 1.078-'16 2.993-03 6.891-r5 3.748-03 n 
2.600+07 1.273-04 8.421-01 1.299-03 '.C64+0n 9.535-02 5.003+00 9.709-08 6.42z-04 9.907-:7 3.099-03 7.;>72-05 3.816-03 '" 2.8.0+07 1.097-04 7,91.4-01 10200-(13 •• 192+00 1.(1 Ofl-O 1 5.088+00 8.366-08 6.059-04 .,.152-l? 3.197-03 7.627-05 3.880-03 0 
3.0'0+07 ".559-05 7.522-01 1.116-03 •• 310+00 1.043-01 5.168+00 7.;>90-08 5.137-04 1'.511-)7 3.287-03 7.955-05 3.'141-03 '" 
4 .010+07 5.377-05 5 .977-01 8~25Z-04 •• 791+00 1.223-01 5.512+00 h101-0f 4.558-04 6.294-)7 3.654-03 9.327-05 4.2"4-03 en 

5.000+07 3.441-05 4.989-01 6.545-04 5011..,+00 1.360-01 5.785+00 2.624-0& 3.B05-0!. 4.992-,)7 3.927-03 1.037-04 4.412-03 '" 6.0QO+07 2.390-05 4.299-01 5.423-04 1.428+00 1.469-01 6.005<00 1.823-0~ J.279-04 4.136-0)7 4014/)-03 1.120-r4 4.51'0-03 m 
n 

8.0nO+07 1.344 -05 3.390-01 4.038-04 So8!.1 +00 1.633-01 6.344+00 1 .0 25-0~ 2.585-04 3.080-H 4.455-03 1.245-ry4 4.8!8-03 .... 
1.0~O+08 8.602-06 2.814-01 3.217-04 6.135+00 1.754-01 6.592+00 6.560-09 2.146-04 2.454-1)7 4.679-03 1.33E.-G4 5.028-03 S 
1.5'0+08 3.~23-06 2.004-01 2.132-34 6.602+00 1.954-01 6.998 +00 2 .916-0~ 1.528-04 1.626-07 5.C35-03 1.4"O-~4 5.3!7-0! Z 

~ 2.(HO+08 2.151-06 1.571-01 1.594-04 •• 881+00 2 .079-C 1 7.246+00 1.641-0~ 1.1'18-04 1.216-,17 5.248-03 1.586-04 5.526-03 '" ... ].000+011 9.558-07 1.114-01 1.06"-114 7.205+00 2.234-01 7.540+00 7.2'70-10 ",.496-0S 1;.084-1)8 5.495-03 1.704-04 5.750-03 

" :r I"OfO+OIl 5 .376-07 8.7Z2-02 7.937-05 7.::<92+00 2.328-01 7.712+00 4.100-11 6.652-05 6.053-11; 5.631i-03 1.7i'S-04 5.8R2-03 0 
~ S.DeO.08 3.441-07 7.7.2t'-02 6.344-(15 7.515.00 2.391-0t 7.!!26+0tl 2.624-1( 5.506-05 4.838-U: 5.7:>1-03 1.824 -N 5.969-03 

'" n 6.0[0+0'1 2.390-07 ('.182-02 5.28&-1'5 7.602+00 2.438-01 7.908+00 1.823-H 4.715-05 4.!)30-0/\ 5.798-03 1.859-04 6.031-03 
:r ~.O r.0+01l 1.344-07 4.828-02 3.960-05 i.719.00 2.503-01 8.018+00 h025-H 3.682-05 3.02C-tB 5.887-03 1.909-04 6.,15-03 ." . 1.000+09 8.602-08 3.972-02 3.167- 05 7.795+{)0 2.5At-01 8.0e9+00 6.560-11 3.029-05 2.415-08 5.945-03 1.942-04 6.170-03 :I: 
~ 0 1.500+09 3.823-08 2.774-02 2.110-05 1.905+00 2.610-01 8.194+00 2.916-11 2.116-05 1.609-U'. 11.029-0:) 1.991-C4 6.249-03 .. 2.000+09 2.151-0B 2.147-02 1.582-05 7.964+00 2.646-t'f 8.250+00 10641-11 1.637-05 1.207-,8 6.074-63 2.018-04 6.297.-03 .... 
n 0 
:" 3.000+0' 9.558-09 1.493-0Z 1.054-05 f..029<00 2.6115-01 8.312+00 7.290-12 1.139-05 8.039-t9 6.123-63 Z.048-t14 6.340-03 Z 
0 4.0CO+09 5.376-09 1.152-02 7.906-06 e.064+QO 2.708-01 8.346+00 4.100-12 1'.786-06 6.030-~9 6.150-63 2.065-04 6.365-03 lit 
A 5.000+09 3.441-09 9.421-03 6.324-06 8.086+00 2.722-~1 8.368+00 2.624 -12 7.185-06 4 .823-~9 6.167-03 2.076-04 6.382-03 

~ 6.000+09 2.390-09 7.989-03 5.270-06 8.101+00 2.73<.'-01 8.382+00 1.823-12 6.093-06 4.019-~9 6.178-03 2.084-04 6.39;<-03 

< ~.OOO+O9 1.344-D, 6.155-03 3,952-06 8.121+00 2.746-01 8.402+00 1.025-12 4.694-06 3.014-~9 6.1~4-~3 2.094-04 6.408-03 

~ 1.000+10 8.602-10 5.025-03 3,162-06 8.133+00 2.754-01 8.413+00 6.560-13 3.832-06 2.412-~9 6.203-03 2.<CO-04 6.417-03 

1.500+10 3.823-10 3.473-03 2,108-Dt 8.151+00 2.765-01 ... 431+00 2.916-13 2.649-06 1.608-[ 9 6 .217-D 3 2.109-04 6.4~0-O3 

!' 2.000+10 2.151-1 0 2.l>70-03 1,581-06 8.160+00 2.772-01 8.440+00 10641-13 7.036-06" 1.;>O6-~9 6. 2i.'3-~:> 2.114-04 6.437-03 

Z 3·00D+10 9.558-11 1.841-03 1 <1154-06 8.170.00 2.778-01 8.450<00 7.290-14 1.404-06 8.039-10 6.231-G3 2.119-04 6.444-03 

~ 4.000+10 5.376-11 1.414-03 7,QC3-07 ~.175+00 2.782-01 8.455+00 4.100-14 1.071!-06 6.027-1il 6.235-n 2.122-04 6.4411-03 

... 5.00D+10 3.441-11 10151-03 6.322-07 8.178+00 2.785-01 8.458 +00 2.624-14 R.771l-()7 4.822-10 6.237-}3 2.124-04 6.450-03 . 6.00)+10 2.390-11 9.731-04 5.269-C7 1'.180·00 2.786-01 8.460+00 1.87.3-14 7.422-07 4.019-10 h239-}3 2.125-04 6.4S?-03 -.. 1'.~O)+10 1.344-11 7.462-04 3.951-07 8.183+00 2.7P.8-01 B.463+0G 1.1)25-14 5.691-07 3.013-111 6.241-)3 2.126-04 6.4~4-03 0 
oj) 

1.0~)+11 8.602-12 6.071-04 3.161-07 11.185+00 2.789-01 B.465+CO 6.560-15 4.630-07 2.1i1'-10 6.2.t.2-n 2.127-04 6.456-03 ~ GO 
0 



~ TABLE 6. Cross sections and mass attenuation coefficients..fot-tke individual lind total photon atom interaction processes, 1 MeV to 100 GeV, ~ 

0 
'If Z = 1 to tOO-Continued ..... ... CD 
~ 
n 35, SR, ~ROMrllE: ~TDMIC n. : 79.9D4 MSIl/KG .00075)66 BARNS/ATOM MuLTIPLY ~SO/KC BY 10 FOR C"SO/G 
... · PAIR PRODUCT ION PJIR PRODU!:lIDN 
~ SCATTHING 51: IT TER I HG .. PHD TON PHO TO- tlUClfAR ELECTRON TDTAI_ PHOTO- "UCLEAR ELECT~ON TOTAL • :" E tlERGY caH£RENf jNCOHER. ElECTR IC fiELD flEto COHERE"T I NCOHER. f lECTRJ C F J Fl ~ FIELD 

0 • EV B/ATOM B/ATO~ B IATOH B/ATOM B/AIOM B/ATOM ItSO/Ke HS~/KG IISO/KG IISO/KG HSO/KG MSO/KG 
.2 
c:: 10000+06 9.271-02 7.378+00 1.292-01 a.noo 0.000 7.600+00 6.987-05 5.561-0: <;.737-05 o. or 0 0.000 5.7?8-03 
~ 1.022+06 e.878-02 70300+00 1.236-01 o.t/on 0.000 7.512+QO ".691-~5 5.502-0~ 9.315-05 0.00 0 0.000 5.662-03 

1.250+06 5.9' 5-02 t .602+0C 8.3' 8-02 1.339-02 o .OC 0 6.758+00 4.1.81-05 I. .976-03 6.292-05 1.00'1-05 0.000 5.093-03 
.0 1.500+06 1 .. 133-02 t .00 3+00 6.003-02 6.557-02 0.000 6.170+0C 3.115-05 4.524-03 4.524-05 4.942-05 0.000 4.650-03 

z: ~. 0 'Hr+·o6· 2.327-02 ~.126+00 3.681-02 2.398-01 o.ooc 5.4?6+0~ h754-~5 3.863-03 2.774-05 1.807-04 0.0 DC 4.0~Q-03 

~ 2.044+06 2.228-02 5.063+00 3.554-02 2.573-01 o.oo~ 5.371\+00 1.679-n5 3.816-03 2.679-05 1.939-04 0.000 4.053-03 

'" 
3.000+06 1.035-()2 ~.034+00 1.979-02 6.47'1-"1 1.412-03 4.713,00 7.800-~(' 3.040-03 1>491-05 4.883-04 1.064-06 3.552-03 
4.00n+06 5.824-03 3.366+00 1.325-02 1.023+00 5.761-03 4.414+00 4.389-06 2.537-03 9.986-06 7.710-04 4.342-06 3.327-03 

(; 5.000+01'0 !.728-03 ;:.907+00 9.868-03 1.352+00 1.147-02 4.284+00 2.1-'10-C6 2.191-03 7.437-Q6 1.019-03 8.644-06 3.229-03 .. 6.000+06 2.589-03 <.569+00 7.837-03 1.641+00 1.761-02 4.7.38+00 10951-(6 1.936-03 5.903-06 1.237-03 1.327-05 3.194-03 
Q 7.000+06 1.902-03 2.310+00 6.478-03 1.899+00 2.373-02 4.241+00 1.433-,6 1.741-03 4.882-06 1.431-03 1.786-05 3.196-03 

~.nOO+06 1.456-03 2.102+00 5.5Ho-03 2.131+00 2.966-02 4.270+CO 1.097-(6 1.584-33 40157-06 1.606-03 2.235- 05 3.218-03 
9.000+06 1.151-03 ' .932+00 4.799-03 2.341+00 3.533-02 4.314+00 8.675-U 1.456-03 3.617-06 1.764-03 2.663-05 ~ .25?-03 ::I: 
1.~00+07 9.321-(14 1. 790+~0 ,.2'5-03 2.533+01) 4.C73-0Z 4.369+00 7.025-H 1.349-03 3.199-06 1.909-03 3.070-05 3.293-03 C 
1.100+07 7.703-04 1.670+00 3.80'-03 2.708+00 4.583-02 4.428+00 5.805-G7 1.259-03 2.8H-06 2.041-03 3.454-05 ~.338-03 OJ 

OJ 
1. zeO+07 b.473-04 , .566+00 3.445-03 2.869+00 5.065-02 4.490+00 4.~7!!-H 1.1BO-03 2.596-06 2.162-03 3.817-05 3.3e·4-03 "' 1.300+07 5.516-04 10475+00 3.147-03 3.C16+00 5.520-02 4.550+00 4.157-C7 1.112-03 2.372-06 2.273-03 4.160-05 3.429-03 ... 
1.4~0+07 4.756-04 1.396+00 2.e9·7-03 3.153+~0 5.95~-02 4.612+00 3.SB4-'7 1.052-03 2.183-06 2.376-03 4.487-05 3.476-03 .r 
1.500+07 4.U3-04 1.325+CO 2.683-03 3.28~+OIl 6.36]-02 ,.672+00 3.122-~7 9.986-04 2.022-06 2.477.-03 4.796-05 ~.571-03 C) 
1.60C+07 3.641-04 1.262+00 ·2.4'16-03 3.3'19+00 6.753-02 4.731+00 2.744-(7 9.511-04 1.P83-0b 2.562-03 5.089-05 3.566-03 

i 1.800+07 ?.877-04 1.153+00 2.195-03 3.617+({O 7.477-02 4.847+00 2.168-07 8.690-04 1.654-06 2.726-03 5.63~-05 3.653-03 
2.000+07 2.330-04 1.064+00 1.958-03 3.812+00 8.136-02 4.960+00 1.756-Cl 8.019-04 1.476-06 2.873-0~ 60132-05 3.738-03 ~ 2.200+07 10926-04 ~.879-01 1.766-03 3.989+00 8.739-02 5.066+00 1.452-0 7.445-04 1.331-06 3.006-03 6.586-05 3.818-03 
2.400+07 1,618-04 ~.231-01 10609-03 4.151+li(\ 9.295-02 5.169+00 1.219-07 6.957-04 1,213-06 3.121'-03 7.005-05 3.896-03 > 7.600+01 10379-04 8.669-01 1.471-03 4.298+00 9.809-02 5.265+00 1.039-C7 6.533-04 1.113-06 3.239-03 7.393-05 3.968-03 Z 
2.800+07 10 18'-04 f.177-01 1.36~-03 4.433+00 1.029-01 5.355+00 l!.Q61-(8 6.163-04 1.029-06 3.341-03 7.755-05 4.0~6-03 0 
3.000+07 10 036-04 7.743-01 1.269-03 4.557+00 1.073-01 5.440+00 7.808-(8 5.836-04 9.564-07 3.4~4-03 6.067-05 4.100-03 
4.000+07 5.826-05 t.153-01 9.3e5-04 5.065+00 1.258-01 5.807+00 4.391-(8 4.637-04 7.073-07 3.817-03 '}.481-05 4.377-03 a-
~.000+O7 !.729-05 ~.t36-01 7.443-04 5.443+00 1.398-01 6.0'17+00 2.810-~8 3.871-04 5.609-07 4.102-03 1.054-04 4.595-03 < 
6.000+07 2.589-05 t. 47. 5-01 6.167-04 5.737+011 1 .510 -0 1 6.331+00 10951-(11 3.335-04 4.648-07 4.324-03 1.138-04 4.772-03 m 

='" 8.000+07 1.456-05 3.490-01 4 .59<-04 6.173+00 1.679-Ql 6.690+00 1.097-08 2.630-04 3.461-07 4.652-03 1.265-04 5.042-03 ." 
1.000+0~ 9.321-06 2.1197-01 3.657-04 6.482+00 1.802-01 6.952+00 7.025-09 2.183-04 2.756-07 4.885-03 1.358-04 5.240-03 a-
1.500+08 4.143-06 , .063-01 2 .424-~4 6.975+00 2.007-01 7.382+00 3.122-(9 1.555-04 1.1!21-07 5.257-03 1.513-04 5.564-03 
?OOO+O~ 2.330-06 1.617-01 1.813-04 7.269 -0 r. 2.136-01 7.6'4·00 10 756-(9 1.219-04 1.366-07 5.47~-03 1.610-04 5.761-03 
3.0~0+08 1.036-06 '.146-01 1.205-04 7.611+00 2.295-01 7.955+00 7.808-10 8.637-05 9.0H2-08 5.736-03 1.730-04 5.996-03 
4,OOO+0~ 5.!!26-07 •• 978-02 9.024-05 7.808+00 2.391-01 ~.137+00 ,.391-10 6.766-05 6.801-01' 5.885-03 1.802-04 6.133-03 
5.rOC+08 3.7:>11-07 7.432-02 7.212-0~ 7.Q37+00 ?456-~1 8.257+00 2 .81 0-10 5.601-05 5.435-08 5.982-03 1.eS1-04 6.223-03 
6.0Q~+OP' 2.589-07 6.363-02 6.007-~5 8.113(\+{)0 2.504-01 8.344+00 1.951-10 4.796-05 4 '~27-08 6.052-03 1.~87-04 6.289-03 
p.onO+08 1.456-07 t.970-02 4.502-05 ls.1534-00 2.570-01 6.460+00 1.097-10 3.746-05 3.393-0B 6.145-03 1.937-04 6.376-03 
1.0CO+09 9.321-08 ,.08'1-02 3.60n-~5 8.233+00 2.614-01 8.535+00 7.025-11 3.082-05 2.713-01l 6.205-03 1.970-04 6 .43~-O3 
1.50{)+OQ 4.143-08 •• 855-02 2.39£·-05 R .349+00 2.679-01 8.645+00 3.122-11 20152-05 1.807-08 6.292-03 2.019-04 6.516-03 
2.000+09 2.330-08 1.210-02 1.79~-05 8.412+00 2.716-01' 8.706+00 1 .• 756-11 1.666-05 1.355-08 6.340-03 2.047-0' 6.561-03 
3.000+09 10036-08 '.537-02 1.199-05 e.480+00 2.756-01 8.771+00 7.808-12 1.158-05 9.036-09 6.391-03 2.077-04 6.610-03 
4.000+09 S.~26-0'l 1.1R6-02 8.988-06 8.516+00 2.780-01 8.806+00 40391-1<' 8.938-06 6.774-09 6.418-03 2.095-04 6.637-03 
5.000+0~ 3.728-09 ·.698-03 7.189-06 8.539+01) 2.194-01 8.828+00 2.810-12 7.309-06 5.418-09 6.436-03 2.106-04 6.653-03 
6.000+09 2.589-0' ~ .224-03 S.991-P6 8.555+00 Z.80~-01 8.844+00 1.951-12 6.198-06 4.515-09 6.448 -0 3 2.114-04 6.665-03 
8.0~0+0. 1.456-09 ~. 336-03 4.493-06 E.516+00 2.818-01 ",.864+00 1.097-12 4.775-06 3.386-09 6.463-03 2.124-04 6.6P1-03 
1.000+10 9.321-10 5.173-03 3.594-06 8.S91)+OC 2.827-01 8.678+00 7.025-13 3.,.99-06 2.709-09 6.474-03 2.131-04 6.691-03 
1.500+10 4.143-10 ],575-03 2.396-06 6.608+00 2.838-01 8.895+00 3.122-13 2.694-06 1.806-0" 6.488-03 2.139-04 6.7~4-03 

2.QOO+H 2.330-10 1.749-03 1.7'17-06 8.61&+00 2.845-01 8.905+00 1.756-13 2.072-06 1.354-09 6.495-03 2.144-04 6.7H-03 
3.000+10 1.036-10 •• 1!96-03 1.1'8-01, g.6~8+00 2.851-01 8.915+00 7.808-14 1.429-06 9'029-10 6.503-03 2.149-04 6.719-03 
4.000+10 5.8<,6-11 '.455-03 8.91'4-07 8.634+00 2.855-01 8.921+00 4.391-14 1.097-06 6.771-10 6.507-03 2.152-~4 6.723-03 
5.000+10 ~.728-11 ,.185-03 7.187-07 8.637+00 2.858-01 8.924+00 2.510-14 8.931-07 5.417°10 6.509-03 2.154-04 6.726-03 
60000+10 ~.589-11 '.002-03 5.989-07 8.639+00 ?859-01 8 .926+00 1.'151-14 7.552-07 4.514-10 6 .511-0 J 2.155-% 6.727-03 
8.000+10 10456-11 7.681-04 4.492-07 8.643+00 2.861-01 8.930+00 1.r97-14 5.78'1-07 ~.385-10 6.S14-03 2.156-04 6.730-03 
10000+11 '1.321-12 6.249-04 3.593-1) 7 8,6U+00 2."62-01 8.931+00 7.025-15 4.710-07 2.708-10 6.515-03 2.157-04 6.7~1-03 



TABLE 6. Cross BeetioDB and mllElS n.ttentln.tion coetlicients for the individual and total photon atom interaetion processes, 1 MeV to 100 GeV, 
Z=l to lOG-Continued 

36. KR, KRYPTON HOIIIC VT. = 83.11\) IIS0/1({; = .8.011862 B~RNSiATOM IIUlTIPlY MSO/~G PY 10 FOR C~SOfG 

PAIR PRODUCTION PA!R PRODUCTION 
SCATHRING seHTER ING 

PHOTON PHOTO- NUCLf A R ElECHON TOTAL PHOTO- t'OCl£AR ELECTRON TOTAl 

£PIERCY COHERENT INCOHER. ELECTR IC FIelD fiElD COHERENT I "COIIEF. ElECTPIC FlElI) FIELn 

EV BIHOM B/AlOH SlAlOM BIATO" BIA TOM B IATOH 'ISO/KG IIS0IKG HSOIKG HS12!KG HSOIKG IIS0lKG 

1.000+06 1.002-01 7.588-00 7.835+00 5.453-03 c.OOG 0.000 5.631-03 
." 

1.411-01 0.000 0.000 7 .20 1-05 1.0~7-04 ~ 
1.02;>'06 '1.596-02 7.5P8+00 1.bO~-Dl D,OH' 0.000 7.745*00 6.896-05 5.395-03 1.012-04 0.001 0.000 5.566-03 

~ 1.25C+06 6.426-02 6,790000 9.508-02 10437-02 0.000 6.964+00 4.618-05 4.P79-03 t.833-05 1.033-05 0.000 5.00£-03 

1.500+06 4,467-02 6.175+00 6.836-02 7.008-02 0.1100 6.358+00 3.210-05 4.437-03 4.912-05 5.03.-05 0.000 4.569-03 -t 
2.000+06 2.516-02 5.272+00 4.189-02 2.552-01 0.000 5.594+0'1 1.808-05 3.789-03 3.010-05 1.83~-O4 0.000 4.02r.-03 ::III 

~,1I44+06 2,409-02 5.207+0C &.0£4-02 2.737-01 0.000 5.545+0'J 10 731-05 3. 74 2~~ 3 2.Q06-05 10967-04 0.000 3.9~5-03 :; 
3.000+06 1.119-02 4.149+00 2.251-02 6.P72-01 1.452-03 4.e71+0~ 8.041-06 2.982-03 1.618-05 £ .93~-Ot. 1.043-06 3.501-03 .... 
4,Don+06 6.296-03 3.462+00 1.505-02 1.0e3+00 5.926-0; 4.572+00 10.524-06 2.488-03 1.082-05 7.7P5-04 4.259-06 3.286-0~ m 

-t 
5.QOO+06 4.030-03 2.9QO+OO 1.121-r2 1.431+00 1.1~1l-02 4.U8+00 2.896-06 2.149-03 8.056-06 1.1)23-03 8.480-06 3.196-03 . 
6,000+06 ;0.799-03 2.643+00 8,891-03 1.735+00 1.811-02 1,.408+01 2.011-06 1.899-03 D. ~89-06 1.247-03 1.301-05 3.1M-03 ~ 
7,QOO+06 2'.056-03 2.375+00 7.352-03 2.007+00 2.44 0-02 4.416+01 1.477-06 1.7117-03 5.?!!3-06 1.44?-O3 1.753-05 3.173-03 Z 
P_ dlOO+06 1.574-03 2.162+00 6.259-03 2.?Sl+00 3.050-0. 4.451+00 .1.131-Q6 1.554-03 4.4911-06 10613-03 2 .1';2-~5 '3.199-03 0 
q ,(]00+06 1.244-03 1.9117+00 5.444-03 2.474+00 3.633-0. 1,.504+00 B.9t.0-07 1.428-03 3.912-06 1.773-0 '3 2.611-05 3.237-03 a 1.000+07 1.001'-03 1.841+00 4,B15-03 2,676-00 4.188-02 4.565+00 7.2U-07 1'323-03 3.460-06 1.923-03 3.~10-05 3.280-03 

1.1CIl+07 8.328-C)4 10718+00 4.314-03 20861 +o~ 4.713-02 4.631.06 5.985-07 10235-03 3.1IJO-06 2.056-03 3.387-05 ~.32P,-03 -t 
1,200+07 6.9911-04 1.611-00 3.907-03 3.030+00 5.209-02 4.698+0'J S.O 2~-O7 1.152.-03 2.808-06 2.171-03 3.743-~5 3.376-03 ~ 
1,300+07 5.963-04 1.518+00 3.569-D3 3.185+00 5.676-02 4.764+01 4.285-07 _1.091-03 2.565-06 2.289-0:! 40079-05 3.4P-03 ... 
1.41l0+C7 5.142-04 1.&36+00 3.285-03 3.329+00 6.121-02 4,830+00 3.695-07 1.032-03 2.361-06 2.30 2-03 /" 399-0 5 3.471-03 ~ 
1.500+07 ,.479-04 1.363 +0 0 3.042-03 3.&(,3+00 6.542-02 4.89S+00 3.219-07 9.795-04 2.186-06 2.48~-03 4.701-0S 3.518-03 -t 
1.600-07 3.937-04 1.2ge+~0 2.832-03 3.S89+00 6.943-02 (,,960+0' 2.829-07 9.328-04 2.035-06 ~.57'-03 4.989-05 3.564-03 0 
1.800+07 3.110-04 1.181>+00 2.489-03 3.£20+00 7.687-0, 5.086+01 2.235-07 8.523- 04 ,.789-06 2.74'-O~ 5.524-05 3.6S5-03 ~ 
2 "lO 0+07 2~519-04 1.094-00 2.21<)-03 4.026+00 8.364-02 5.206+00 1.810-07 7.862-0£ 1.595-06 2.893-03 6.011-0S 3.741-03 n 
<,.200+07 ?082-0£ 1.016+0G 2.002-03 4.213+00 8.984-02 5.321+00 1.496-07 7.30-1-04 1.439-0!1 3.020-03 6.456-05 3.824-03 

2.400+07 10750 -04 9.495-01 1.824-03 4.:'64+00 9.555-02/ 5.431+01 1e258-~7 6.823-04 1.311-06 3.15-)-03 6.861>-05 3.903-03 n 
2.6 00+07 1.491-04 8.916-01 1.674-03 4.539+00 1.801'-01 5.533<-IH 10071-07 t.407-04 1.203-06 3.26~-{)~ 7.244-C5 3.976-03 ::III 

2.800+07 1.285-04 8.411-01 1.541-03 4.681+00 1,057-01 5.629+00 9.234-08 6.044-04 1.112-06 3.3M-03 7.S96-05 4.045-03 0 
:;;-000+07 1.120-04 7.964-01 1.438-r.3 4.R13+CC 1.103-01 5.721+0~ 8.049-08 5.723-0& 1.033-06 3045?-03 7.926-05 £.Hl-03 CIt 

CIt 
4.00~+07 6.298-05 6.329-01 1.063-03 5.348+00 1.292-01 6.111+0' 4.526-08 4.S48-04 70639-07 3.84 ~-o 3 9.285-05 1..392-03 
5.11 CO+O 7 £.031-05 S.283-01 8.433-04 5,7£6+00 1.£36-01 6.419+00 2.897-08 3.796-04 6.060-07 &.12~-03 ,.032-04 4.613-03 VI 

m 
6.000+07 2.799-05 4.552-01 6.986-04 6.056+00 1.551-01 6.667+01 2.011-08 3.271-0£ 5.020-07 4.35l-03 10115-04 4.791-03 n 
8.000+07 1.5-75-05 3.590-01 5.202-0£ 6.514+00 1.724-01 7.046+0. 10132-08 2.580-0& 3.738-07 4.681-03 1.239-04 5.063-03 -t 
1.00(\+08 1.008-0S 2.980-01 4.143-04 6.839-00 1.851-01 7.323+0~ 7.244-09 2.141-01. 2.977-07 4.91;-03 1."30-04 5.262-03 0 
1.500+08 4.479-06 2.122-01 ?746-04 7,357+00 2.061-01 7.776+0~ 3.219-09 1.525-04 1.973-07 5.28 7-C3 1.481-04 5.5~8-03 Z 

!- 2.000+08 2.519-06 1.664-01 2.053-04 7.666-00 2.193-01 8.052+00 1.810-09 1.196-04 10475-07 5.509-03 1.576-04 S.7~6-03 VI 

... -3.0 nO+08 1·120-06 1.179-01 1.365-0£ 8.026+00 -2.356-01 8.380+00 8.049-10 8.473-05 9.609-08 5.763-03 1.693-04 6.0n-03 "'1'1 
:r 4.ll(1)+O8 6.298-07 9.235-02 1.022-04 8.233+00 2.453-01 8.571 +oe 4.526-10 6.636-05 7.344-08 5.916-03 1.763-04 6.159-03 0 -c 
!' 5.110NOS 1,.031-07 7.645-02 8.168-05 8.369+00 2.520-01 8.698"0' 20897-10 5.494-05 5.870-08 6.0H-03 1.81.1-04 6.2S0-0~ ::III 

n 6.000+08 2.799-07 6.545-02 6.803-05 8.467+00 2.569-01 8.789+0' i.011-11l 1..703-C5 4.889-08 6.()8;-63 101146-04 6.316-03 
:r 8.000+08 1.575-07 5.112-02 5.098-05 8.597+00 2.6:56-01 8.912+00 1.132-HJ 30674-05 3.664-08 6.173-03 1.894-04 6. 404-0~ ." .. x 
iJ 1.000+0'1 1.008-07 4.2P6-02 4.077-05 8.661-00 2.681-01 1!.991+0~ 7.244-11 3.023-05 2.930-08 6.2"3-03 1.927-04 6.461-03 0 

1.500+09 4.479-08 2.937-02 2.716-05 8.803+00 2.7,7-01 <; .107+01 3.219-11 2.111-05 1.952-08 6.32;-03 1.974-04 6.545-03 -t 

'" 2.000+0' 2.519-08 2 .273-02 2.037-05 8.869+00 7. .785-01 9.170+0~ 1.1'10-11 1.633-05 1.464-08 6.373-03 2.001-04 6.590-03 0 
~ 3.000+09 1.120-08 1.581-02 1.357-0S 8.941+0C 2.825-01 9.239+0-1 8.049-12 1.136-05 9.752-09 6.425-03 2.030-04 6.640-03 Z 
a " .000+09 6.298-09 1.220-02 1.01£-~5 8.Q79+00 2.850-01 9.276+00 4.526-12 8.767-06 7.316-09 6.45?-O3 2.04b-04 6.666-03 CIt 

Q 5,000+09 4.031-09 9.975-03 8.142-06 9.004+00 2.864-01 9.300 +00 2.897-12 7.168-06 5.1151-09 6.470-03 2.058-04 6.683-01 

~ 6.0~~+O9 2. 799-09 8.459-03 6.785-r6 9.0?1+0G 2 .874-01 9.317+0-J 2.011-12 6.079-06 4.876-09 6.483-03 2.065-01. 6.69S-03 

< R.OOO+O' 1.575-09 6.517-03 5.DP8-06 9,043+00 2,888-01 9.338+0-) 1.132-12 4.683-06 3.65t-D9 6.,9a -0 3 2.P7S-04 6.711-03 

~ 1.000+10 1.1l01'-(l9 5.321-03 4.070-06 '10057+00 2.897-01 9.352+0J 7.244-13 3 .824~1l6 2.92~-09 6.509-03 2.082-04 6.721-03 

1.5110+10 I. .47'1-10 3.677-03 2.713-06' 9.076+00 2.908-01 9.370+0) 3.21,-13 2.642-06 1.9S(-09 6.Sn-03 2.090-04 6.734-03 

:0 2,000+10 2.519-10 2.827-P3 2.035-06 9.Q87+00 2.915-01 9.381+0l 10810-13 2.032-06 "462-09 !>.53~-03 2.095-04 6,742-03 

Z 3,QOO+l0 1.120-10 1.950-03 103S7-C6 9.097+00 2.922-01 9.391+0'l 8.049-14 1.401-06 9.752-10 6.537-03 2.100-04 6.749-03 

!' &.000+10 6.298-11 1.497-03 10017-n6 '.103+00 2.926-01 90397+0) 4.526-14 10076-06 7.3IH-10 6.5'~-0 3 2.103-04 6.753-03 

". 
5.0~0+10 4.031-11 1.219-03 8.139-07 9.107+00 2.928-01 9.401+0-1 2.897-14 8.760-07 5.84~-10 6.541-03 2.104-~4 6.756-03 . 6.0rO+l C 2. 799-11 1.030-03 6.783-C7 9.10<;+-00 2.93{)-O1 9.403+00 2.011-14 7.402-07 &.874-10 6.54S-0 :3 2.106-04 6.757-03 ..-... 8.000-10 1.575-11 7.901-04 5.0F7-07 9.112-00 2.931-01 9.406+0'1 10132-14 5.678-07 3,65~-10 6.54~-O3 2.106-~4 6.759-03 0 

>0 1,000-11 1.008-11 6.428-04 4.e70-07 9.116+00 2.933-01 9.408+01 7.244-15 4.619-07 2.92~-10 6.55D-03 2.108-04 6,761-03 :(I GIl 
0 



!- TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV 0 
." Z=l to 10o-Continued CD 
:r 0 
';i 
n 

37, RB, RUBIDIUM HOIIIC liT. = &5.1.678 HSo/KG .00070&60 BARNS/ATOH MULTIPLY MSO/KG BY 10 FOR CMSO/G 

:r ,. 
PI JR PRODUCT ION pnR PROOUCJION 

~ SCA TT ERI NG SC~TTER ING 

'" PHOTON PHOIO- NUClEIP. ELECTRON lOT Al PHOTO- NUClEAR ELECTRON TOTAL 

~ ENERGY CCI1ERENT INCOHER. ElECTRIC fI ElD f '!;LO COHERE'l JNCOHER. ELECTRIC F lEU) FIELD 

" EY BIATCM PlATOH B IA TOM BIATO"l BIATOM MSO/KG "SQ/KG MSOnG MSO/KG Msa/KG H ~O /K G D P / ATOM 
'fl 
< 1.000+06 1.080-01 7.798-00 1.670-01 0.000 0.000 R.073+00 7.610-£5 5.494-03 1.177-04 0.000 G.ooo 5.688-0~ 

~ 1.022+06 1.034-01 7.716*00 1.593-fll o.OOG O. ~O r. 7.979+CO 7.;>86-r5 5.437-03 1.1?6-r4 0.000 0.000 5.622-0~ 

1.?50+06 6.97.5-02 6.978+00 1.079-01 1.~40-02 0.000 7.171+00 4.879-(5 4.917-03 1.603-05 1.08 S-C5 0.0110 5.052-03 

:;0 1.500+06 &.~14-02 6.3£6+00 7.755-02 7.479-02 0.000 6.546+00 3.392-C5 4.471-03 5.46&-05 5.27~-05 0.000 4.1:13-03 

Z 
7.1)01'+06 2.711-02 5.418+0~ .. 750-02 2.712-01 0.000 5.764+00 1.910-C5 3.!'lg-~3 3.341-~5 1.911-04 o.oeo &.061-03 

!' 2.044.06 ;> .5Q6-02 5.352+00 4.586-112 2.998-01 o.ooe 5.715+00 1.829-£5 3.771-03 3.231-05 2.049-04 o.ooe 4.027-03 
3.000+06 1.206-02 4.265+00 1.550-02 7.278-01 10492-03 5.032+00 8.497-C6 3.005-03 1.7'17-05 5.128-04 1.1151-06 3.545-03 

,.f> 4.COO+06 6.726-03 3.558+00 '.704-02 1.145+011 6.0.9D-03 4.733+00 4.781-00 2.507-03 1.201-05 ~.068-04 4.291-06 3.335-03 

:0 
5.0C~+06 4.344-03 3.073+0D 1.268-02 1.511+00 1.213-02 4.613+{)0 3.061-06 2.165-03 8.934-06 1.M5-03 8.547-06 3.250-03 

... 6.000+06 3.017-03 2.716_00 '.006-02 1.832+00 1.861-02 &.5 '30-00 20126-(6 1.914-03 7.088-06 1.291-03 1.311-05 3.2?7-03 
0 7.~OO+06 2.216-03 2.41,1+00 3.314-03 2.111'+00 2.508-02 4.595+00 1.561-~6 1.120-03 5.8511-0t. '.492-0:- 1.76;-05 3.237-03 

8.000+06 10697-03 2.222+00 7.077-03 2.375+CO 3.134-02 4.637+00 10196-(6 1.566-03 4.91'6-06 1.673-~3 2.208-05 3.267-03 
9.000+06 1.3&1-03 2.043+00 •• 155-03 2.609+0~ 3.733-02 4.697+00 9.449-(7 1.&39-03 1..337-06 1.838--03 2.t30-15 3.30Q-03 :I: 
1.000-07 1.086-03 1.893+CO 5.41.2-03 2.8n+oo 4.303-02 4.765+00 7.652-(7 1.334-03 3.1'34-06 1.98R-O'l 3.r.32-05 3.357-03 C 
1.100+07 8.976-04 1.165+00 4.1'76-03 3.017+00 4.843-02 & .F.36+00 6.324-(7 1.244-03 3.436-06 ?1?6-03 3.412-05 3.408-03 ar 

III 
1.200+07 7.542-04 1.656-00 •• &15-03 3.195+00 5.352-02 4.910-00 5.~ 14-(7 1.167-03 3.111-06 2.251-03 3.771:"05 3.459-03 m 
1.300+07 6.&27-04 1.560+00 •• 033-03 3.359+00 5.832-02 &0982+00 4.528-17 1.099-03 2.842-06 2.367-03 4.109-05 3.51fl~03 I"'" 

I"'" 
1.400+C7 5.541-04 1.475+00 h711-C3 3.511+00 6.289-02 5.053<00 3.904-n7 1.039-03 2.615-0t, 2.474-03 4.431-05 3.560-03 ~ 

1.500'07 4.827-0& 1.401+00 :;, 436-03 3.652+00 6.722-02 5.1?4+00 3.401-17 9.871-04 2.421-06 2.573-03 4.736-05 3.610-03 a 
1.600+!)7 4.243-04 1.334+00 h 1Q 9-03 3.785+00 70133-02 5.194'00 2.990-91 9.399-04 2.254-06 2.667-03 5.026-05 3.f60-03 i 1.800.07 3.352-04 1.219+00 '.811-03 4.027-00 7.896-02 5.328+00 2.362-17 8.589-04 1.9~1-0b 2.837-03 5.564-05 3.754-03 
?0Ilr+Q7 2.715-0& 1.124+0~ ?506-03 4.245+ 00 8.591-02 5.458+00 1.913-07 7.920-04 1.766-06 2.'191-03 6.053-05 3.845-03 ~ 
2.200+07 ;>.244-04 Jo044+00 l.261-03 4.442+00 Q.22n-02 5.581+00 1.581-07 7.356-04 1.593-06 ~.130-03 6.502-05 3.932-03 
2.400+07 1.886-04 9.759-01 2.~59-03 4.621+00 9.814-02 5.697+CO 1.329-17 6.R76-04 1.451-06 3.2S6-C3 6.915-05 4.014-03 ~ 
2.600+07 1.607-04 9.164-01 1.1>90-03 4.785+0~ 1.036-01 5.807+00 1.132-~7 6.457-04 1.332-06 3.312-03 7.300-05 4.092-03 Z 
2 .80C+0 7 1.385-04 8.644-411 10 74 7-03 4.935+00 1.086-01 S.91IHOO 9.759-01' 6.C91-04 1.231-0( 3.4 n-o~ 7.652-05 4.164-03 C 
3.~0(,+07 1.207-04 8.185-01 1.624-03 5.073+0(\ 1.133-{)1 6.007+00 8.504-'8 5.767-04 1.144-06 ~.574-03 7.983-(\5 4.23/-03 

4 .~OO+O 7 (,.78~-O5 6.505-01 1.200-03 5.636+00 1.327-01 6.420.00 4.783-18 4.S83-C4 ~ .45 5-07 3.971-0~ 9.350-05 4.524-03 "& 
5.~OO+07 4.345-05 5.430-01 ?51<;-C4 6.054+00 1.474-01 6.745+00 3·061-08 3.826-04 6.707-07 4.26t-03 1.0?9-04 4.753-03 < 
b.COO+07 :5.017-05 4.f,78-C1 ,.886-04 6.380+PO 1.592-01 7.008+00 2.126-08 3.296-04 5.556-07 4.4'1~-0" 1.122-04 4.938-03 m 

;IIJ 
a .COO+1i7 1.697-05 3.689-01 5.871-0& 6.862+00 1.769-01 7.408+(\0 1.196-~8 2.5<)9-04 4.137-07 4.f3~-03 1.;;>46-04 5.220-03 ar 
1.000+0R 1.086-05 3.062-01 ; .676-04 7.204+00 1.899-01 7.70HOO 7.652-09 2.157-0& 3.2'15 -0 ( 5.07f-03 1.338-04 5.426-03 -& 
1.~OO+08 4.827-06 2.181-01 3.099-04 7.74e+or. 2.114-01 P..17S.00 3.401-19 1.537-04 2.184-07 5.45~-U3 1.49c-r& 5.762-03 
2.00C+08 ;> .715-06 1.710-()1 ? .317-04 8.013+00 2.250-01 8.469+00 1.913-19 1.205-04 1.633-07 5.te ~-O:5 1.585-04 5.967-03 
3.0CO-08 1.207-06 1.212-01 10540-04 8.452+CO 2.417-01 8.eI5+00 3.504-10 8.540-05 1 .!I!~5-07 5.95~-O3 1.703-04 6.211-03 
4.00C+OS 6.UB-07 9.491-02 1.153-04 8."'70+00 2.517-01 9.011+00 4.783-10 6.6e7-05 8.1?~-O8 6.10S-03 1.773-04 6.353-03 
O.O~0+08 4.3&4-87 7.857-02 ~.218-05 8.&13+00 2.586-01 9.150+00 3.061-'0 5.536-05 6.495-0e 6.21{-O3 I.B22-04 6.41,7-03 
hroc.o~ 3.017-07 6.727-02 7.677-05 8.916+00 2.637-01 9.247+00 2.126-10 4.740-05 5.409-!lo 6.28,-0 :'I 1.85!!-04 6.515-D3 
f.CCO+Os 1.697-07 5.254-02 5.753-05 9.052+00 2.707-01 9.375+00 1.196-'0 3.702-05 4.0~&-08 6.37f-03 1.907-04 1:.606-03 
1.cor+09 1.086 -07 4.322-02 ~.601-05 9.141 +0 (I 2.754-01 <;.460+ 00 7.652-~ 1 3.045-115 3.242-0£ 6.441-0; 1.940-04 6.665-03 
1.~OO+C9 4.827-08 3.019-02 3.065-05 9.269+00 2.824-01 9.582+00 3.401-11 2.127-05 2.160-08 6.531-03 1.990-0& 6.751-03 
2 .CO~+09 2.715-08 2.336-02 2.298-;J5 9.:<3'i+O() 2.864-01 9.649+00 10913-11 , .646-05 1.619"08 11.58(-0 ~ 2.01~-04 6.799-03 
3.rOO+09 1.2C7-08 1.624-02 1.532-05 9.414+00 2.908-01 9.721+00 8.504-12 1.144-05 1.079-08 6.633-03 2.049-04 6.849-03 
4.(00+09 6.788-09 1.254-02 1.149-05 9.455-00 2.934-01 9.761+()O 4.783-12 8.836-06 8.096-09 6.66 ;-0"3 2.067-04 6 .~78-03 
5.~00+O9 4.344-09 1.025-02 9.188-06 9.48()+OO 2.950-01 9.785+00 3.061-12 7.222-06 6.474-09 6.611(-03 2.079-04 6.895-03 
6.fCO+09 3.017-09 8.694-03 7.656-06 9.498+00 2.961-01 9.803+00 2.126-12 6.126-06 5.394-09 6.69,-03 2.0f6-04 6.907-03 
e .HIO+09 1.6Q7-09 6.698-03 5.742-06 9.521+00 2.976-01 9.825+CO 1.196-12 ,.719-06 4.046-09 6.70~-03 2.097-G4 6.92'1-03 
10(00+10 1.086-09 5.469-03 &.593-06 9.536+00 2.985-01 9.840+00 7.652-13 3.853-06 3.236-09 6. 71 ~-O:'! 2.103-C4 6.933-0'1 
1.500'_10 4.821-10 3.779-03 3.062-06 9.557+00 2.998-01 9.861+00 3.40-'-13 ·2.~63-06 2.157-09 6.731-03 2.112-04 6.948-03 
".~00+10 2.715-10 2. Q06-03 2.296-06 9.567+00 3.006-01 9.871+00 1.913-13 2.048-06 1.611;-09 6.741-03 2.1lE-0& 6.955-03 
~.~00+10 1.207-10 2.004-03 10 531-06 9.S79+0() 3.013-01 9.8p.2+00 8.504-14 1.412-06 1.079-09 6.749-03 2.123-0& 6.963-03 
4.000+10 6.788-11 1.538-03 1.14R-06 9.5P5+00 3.0111-01 9.8~8+00 4.783-14 1.C84-06 8.01'9-10 6.751-03 2. 1 26-04 6.961-03 
S.DOO+l0 1..31.&-11 1.253-03 9.185-07 9.51'9+0Q 3.020-01 9.892+00 3.061-14 8.1'29-07 6.412-10 6.756-03 2.128- n4 6.97~-O3 

6.000+10 3.017-11 1.059-03 1.65&-07 9.591+00 3.~22-01 9 .8Q4 +0 0 2.126-14 7.£62-07 5.393-10 6.75f-03 2.129-04 6.971-03 

~.GOO+l~ 1.697-11 8.120-04 5.740-07 9.595+00 3.02.4-01 9.898+00 10196-/4 5.721-07 4.n&4-10 6.76'-03 2.131-04 1\ .914-03 
1.COO+11 1.086-11 6.606-04 4.~92-~7 9.597+CC 3.025-01 9.9()O+OO 7.652-15 4.655-07 3.23t:-11l 6.762-03 2.131-C4 6.976-03 



TABLE 6. Cross sections and mass attennation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
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38, SR, STRONTIUM ATOHIC UT. = 87.6? MSO/KG .00068729 BARNS/ATOM ~ULTIPlY ~SD/KG 8Y 10 FOR CM~O/G 

PA fR PRODUCT ION PA fR PRODUt TJ')N 

SCATTER1NG SCATTEUNG 
PHOTON PHOTO- NUCLEA R ELECTRON TOTAL PHoTO- NUClEAR [LECnOH TOTH 

ENIRGY COHERENT INCOIlER. ELEcTRIC FJElO FIELD COHERENT INCOHER. ELEcTQrC FIELD fIELO 

fV B/HON BOTOH SIATOM BIATOM ~ fA TOM BIATOH "SO/KG HSOIKG "SOIK~ "SO/KG "SO/(G MSP/KG 

'.010+06 1.161-01 8.007+00 '.889-01 o.oor. 0.000 8.312+00 7.979-05 5.503-03 , .298-)4 O.OOIl 0.000 5.713-03 ." » 
I .OZ2+06 1.112-01 7 ,Q2 3+00 1.807-01 0.000 0.00(1 6.215+0Q 7.643-05 5.445-03 1.242-14 0.000 0.000 5,646-03 iii 1.210+06 7,4H-02 7.166+00 1,220-01 1,648-02 G,OOO 7.379>00 5,118-05 4.925-03 8.385-')5 10133-05 0.000 5,071-03 

1,510+06 5.177-02 6.517+00 8,768-02 7,971-02 (1,000 6.736+00 3.558-05 4.479-03 6.026-15 5.478-05 0.000 ,.630-03 
-I 

"2,010+06 2.916-02 5.566+(,0 5.368-02 2.~78-01 0.000 5.935+00 2.004-05 3.824-03 3 ,6t<;-~S 1.978-04 c.nOO 4.07"-03 ;II:! 

2.004+06 C .792-0 2 5.496+00 5.181-02 3.085-01 0.000 5.884+01) ,,919-05 3.777-03 :3.561-15 2.120-04 0.000 4.044-03 :;; 
3'0'1)+06 1.297-02 4.380+to 2.879-02 7.696-01 1.533-03 5.19:HOO 8.914-06 3.01Q-03 1.979-')5 5.289-04 1.054-06 3.56Q-OJ ... 
4.0'Q+06 7.298-03 3.654+00 1.922-02 1.209+00 6.254-03 4.896+00 5.016-06 2.511-03 1.321-')5 8.309-04 4.298-06 3.365-03 m 

-I 

5.960+06 40672-03 3.156+00 1.430-02 1.594+00 1.24S-02 4.781+00 3.211-06 2.16Q-03 9.828-16 1.096-0; a.557-06 3.286-03 ~ 

6.0'0+06 3.244-03 2.790+00 1.134-02 1.93HOO 1.911-02 4.755+00 2.230-06 1.918-03 7.794-16 1.327-03 1.313-05 3.268-03 » 
7.0'0+06 Z .lIl4-03 2.507+00 9.370-03 2.232+00 2.575-02 4.777+00 1.639-06 1.723-03 (,.44 0-')6 1.534-03 1.770-05 3.283-03 Z 
1l.0'0+06 1.~25-03 2.282+00 7.974-03 2.502+00 3.218-02 4.826,00 1.254-06 1.568-03 5.480-16 1.720-03 2.;>12-05 3.317-03 C 
9.010+06 loH2-03 2.098+00 6.934-03 2.748+00 3.~ 33-02 4.893+00 9.911-07 1.442-03 4.766-lt 1.889-03 2.634-05 3,363-03 

-I 
1.060+07 1.168-03 1.944+00 6.130-03 2.972-00 4.418-02 4.967+00 8.028-07 1.336-03 4.213-111 2.043-03 3.036-05 3.414-03 0 
1.HO,07 9.654 -04 1.813+00 5.491-03 3.177+00 4.972-02 5.046+00 6.635-07 1.246-03 3.774-'6 2.184-03 3.417-05 3.46~-03 -I 

1,200+07 8.11 2-04 1.700+0r 4.972-03 3·.365+00 5.494-02 5.126+00 5.575-07 1.168-03 3.417-'0 20313-03 3.776-05 3.523-03 » 
1.3W+07 6.912-04 1.602+00 4,541-0~ 3.539+00 50987-02 5.206+00 4.751-07 1.101-03 3,121-16 2.432-03 4.115-05 3.578-03 ... 
1.40~+O7 5,960-04 1,515+00 4.178-03 3.698+00 6.456-P2 5.282+00 4.096-07 1.041-03 2.872-t6 20542-03 4.437-05 3.631-03 » 
1.5fO+07 5.192-04 1,439+·00 3.869-03 3.847+00 6.900-02 5.359+00 3.568-07 9.890-04 2.659-,6 2.6&4-03 407&2-05 ~.6~3-03 -I 

1.6CO+07 4.S63-04 1.370+00 3.602-03 3.986+00 7.323-02 5.433+00 3.136-01 9.416-04 2.476-.6 ;>.·740-03 5.033-05 3.n4-03 0 
l,R/'0+07 3.606-04 ',252+00 3.164-03 4.240+CO 8.106-02 5.577+00 2.478-07 8.605-04 2.175-16 2.914-03 5.571-05 3.833-03 ~ 
2.000+07 2.920-04 1.155+00 2.821-03 4.468+00 8.819-02 5,714+00 2.007-07 7,93a~04 1.939-~6 3.071-0~ 6.061-05 3.927-03 n 
2.200+07 2.414-04 1.073+CO 2.~45-03 4.676+00 9.&72-02 5.847'00 1.659-07 7.375-04 1.749-06 3.2U-03 6.510-05 4.018-03 

2.4CO+07 2.ne-04 1.0r2'00 2.318-03 4.864+00 1.007-01 5.969+00 1.394-07 6.887-04 1.593-1(0 3.343-03 6.Q21-05 4.103-03 n 
2.600+07 1.728-04 9.411-01 ;>.127-03 5.036+00 1.063-01 6.086+00 1.188-07 6.468-04 1.462-1(, 3.41\1-03 7.306-05 4.1P~-03 ;II:! 

2.8~0+O7 1.\90-04 8.878-01 1.9611-03 5.194+00 1.114-01 6.195+00 1.024-01 6.102-04 1.351-16 3.570-03 7.6Se-05 4.258-03 0 
3.0fO-07 1.'.98-04 8.407-01 1.827-03 5,339+00 1.162-01 t-.298+00 8,Q21-(l8 5.778-04 1.256-16 3.669-03 7.986-05 4.328-03 lit 

&It 

4.0rO+07 7.301-05 6,MO-Ol 1.351-03 5,931+00 1.361-01 6.731+00 5.018-08 4.591-04 9.285-H 4.076-03 9.354-05 4.630-03 

5.0 CO+07 4.673-05 5.576-01 1.071-03 6.370+00 1.513-01 7.080+00 3.712-08 3.832-04 7.361-17 4.378-03 1.040-04 4.866-03 &It 
m 

6.CCO+07 3.245-05 4.805-01 8.872-04 6.712+00 1.633-01 7.357+00 20230-08 3.302-04 6.098 -07 4.613-03 ,1.122-04 5.056-03 n 
8.0eO+07 1.825-05 3.789-01 6.604-04 7.218+00 1.815-01 7.779,00 1.254-08 2.604-04 4.539-07 4.<;.61-03 ',247-04 5.346-03 -I 

1.0CO+01l 1.168-05 3.145-01 5.259-04 7.577+00 1.947-01 8.087+00 8.028-09 2.162-G4 3.614-17 5.208-03 1.338-04 5.5~8-03 S 
1.5CO+D8 5.192-06 2.240-01 3.485-04 8.149+00 /.168-01 8.590+00 3.568-09 1.540-04 2.395-t7 S.601-03 1.490-04 5.904-03 Z 

~ 2.0nO+08 2.920-06 1.756-01 7.606-04 8.490+00 /.307-01 8.897+00 2.007-09 1.207-04 1.791-07 5.835-03 I·SH-04 6.115-03 lit 

... 3.000+08 1.298-06 1.245-01 1.73<'-04 8.888+00 ?479-01 Q.261+QO ~.921-10 8.557-05 1.190-17 6.1 oc-O~ 1.704-04 6.36'i-03 "ft 
:r 4.0CO.08 7.301-07 9.748-02 1.297-04 9.117+00 1.5P2-01 9.473+00 5.018-10 6.700-0~ 8.914-~f. 6.266-03 1.775-04 6.511-03 0 
'< 
1" 5.0CO+08 4.072-07 8.069-02 1.037-04 9.267+00 2.654-j)1 9.613+00 3.211-10 5.546-05 7.127-18 6.36<)-03 1.824-04 6.607-03 ;II:! 

n 1\.0 OC+ 08 3.245-07 6.909-02 8.634-05 9.375+00 1.71l6-01 9.715+00 2.230-10 4.74g-05 5.934-.1' 6.443-(13 1.860-04 6.677-03 
:r ~.00O.08 1.825-07 5.396-02 6.470-05 9.519+00 /.779-01 9.851+00 1.254-10 3.·70Q-OS 4.410 7-18 6.542-03 1.910-04 6.77 n -03 ." .. % 
.~ 1.000,09 10168-07 4.43'1-02 5.174-05 9.612+00 /.828-01 9.939+00 8.028-11 3.051-05 3.556-08 6.e06-03 1.944-04 6.8~1-03 0 

1.5UC+O. 5.192-08 3.100-02 3.447-05 9.747+00 /.902-01 1.007+01 3.568-11 2.131-05 20369-08 6.6<)9-03 1.995-04 6.920-0! ... -I .. 2,000-09 2.nO-08 2.399-02 2.585-05 9.820+00 /.944-01 1.014+01 2.007-11 1.649-05 1.777-.8 6.749-03 2.023-04 6.968- 03 0 
:'" 3.000+09 ,.,98-08 1.668-0;> 1.723-05 9.899+00 /.990-01 1.021+01 8.921-12 1.146-05 1.184-18 6.803-03 2.055-04 7.02r-c3 Z 
a 4.0nO+09 7.JU1-09 1.288-02 1.292-05 9.942+CO ~.017-01 1.026+01 5.018-12 8.852-06 8.880-19 6.833-03 2·074-04 7.049-03 lit 

a 5.001).09 40672-09 1.053-0? 1.033-05 9.969+CO 3~O34-01 1.028+01 3.211-12 7.237-a6 7.100-19 6.l'S2-03 2.0P.5-04 7.067-03 
:p 6.0CO+09 ".,45-09 8 .929-03 8.610-06 '1.988>00 h046-01 1.030+01 2.230-12 6.137-06 5.918-19 6.865-0'"' 2.093-04 7.080-03 

~ 
fO.onO+09 1.825-09 6.879-(13 6.457-06 1.00HOI 3.062-01 1.032+01 1.254-12 4.728-06 4.438-19 6.M.0-03 2.104-04 7.095-03 

1.0~O+1 0 1.168-09 5.617-0;< 5.165-06 1.003+01 3.072-01 1.034+01 8.028-13 3.861-06 3.S50-0 Q 6.894-03 2.111-04 7.109-03 

~ 
1.500+10 5.192-10 3.882-03 3.443-06 1.005+01 30086-01 1.036+01 3.568-13 2.668-06 2.366-09 6.907-0~ 2.121-04 7.122-03 

2.000+10 2.920-10 2.984-03 2.582-06 1.006001 50094-01 10(137+01 2.007-13 2.051-06 1. 775-~o; 6.914-03 2.126-04 7.129-03 

Z 3.0CO+l0 1.,98-10 2.058-03 1.722-06 10007+01 3.102-01 1.038'01 8.921-14 1.414-06 1.184-19 6.921-03 2.132-04 7.136-03 

!' 4.000+10 7.301-11 1.5~0-03 1.291-06 1.008.01 3.107-01 1.03<;,01 5.018-14 1.0Rb-0f> E .873-1 r 6.928-03 2.135-04 7.143-03 

... 5.000+10 4 •• 72-11 1.287-03 1.033-06 1.008+01 ~.110-01 1.039+01 3.211-14 8.845-07 7.HO-H) 6.928-03 2.137-04 7.143-03 

6.000.10 3.24 5-11 1.088-03 8.608-07 1.009.01 30112-01 10040+01 2.230-14 7.478-07 5.916-10 6.935-03 2.139-04 7.149-03 -; e.coo.'0 1.&25-11 8.340-04 6.456-07 1.0a9.~1 30114-01 1,040+01 1.?54-H 5.73~-O7 4.437-10 6.935-03 'Z .140-04 7.149-03 0 

CD 1,.000+11 1.168-11 6.785-04 5.165-07 1.009+01 30 1 1 5 -01 1.040+01 8.1128-15 4.663-(.7 3.550-fO 6.935-0~ 2.141-04 7.149-03 011 

0 -
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r 
n 39, y • YHRJUI! ATOMIC VT. = =- 88.9~~9 HSD/IiC .00067735 BAR~S/ATO" ~UlTIPlY MSO/KG BY 10 FOR CMsO/G 
« 
.~ PA IR PRODUCT IOtl PA IR PWDUCTION 
,. SCATTERltlG SC lTTER INC 

;!. PIlOTeN PHOTO - NUClEA R ELECnON TOTAL PHOTO- NUCLEAR ElECTRON TOTH 

0 
E NERCY COHEREtll INCOl'ER. ELECTRIC FIELD FIELO COHERENT INeonER. ELECTRIC FiElD fiELD 

c 
~ EV B/ ATOM B/AlOM B IA TO 1'1 A fA TOM ~ IA TO'l BIATOH HSOIKG HSO/KG HSO/KG HSO/KG HSD/KG "SO/KG 

< 1.0DC<06 1.245-01 B.2T7+~0 2.129-01 0.000 0.0011 8.554+00 3.433-05 5.566-03 1.442-04 0.000 0.000 5.794-03 
~ t.022+06 1.195-01 8'131'00 2.037-01 o.ono 0.000 8.454+00 a.081-05 5.508-03 1.380-04 0.000 0.000 5.176-03 

:!' 1.250+06 7.91'9-02 7.354+00 1.375-01 1. 76~-·02 0.000 7.589+00 ;.411-05 4.981-03 9.3H-05 1.193-05 I), 000 5.140-03 

Z 
1.500+06 5.55.-02 6.688+00 9.878-02 8.484-02 0.000 6.927+00 3.762-05 4.530-03 6.691-05 5.747-05 0.000 4.692-03 

7.000<06 3.'28-02 5.7,,+or 6.044-02 3.049-01 0.000 6.108+00 2.119-05 3.868-03 &.09&-05 2.065-04 0.000 4 .137-~3 
!' 2.0 I, '+06 ;; .99;-02 5.640_00 5.834-~2 3.260-01 0.000 6.055+00 1.029-05 3.S20-03 3.952-05 2.214-04 a.ooo 4.10'-03 

!' 3.000 .. 06 1.39Z-02 4.495+00 3.239-02 11.128-01 1.573-03 5.356+00 ?429-06 3.045-03 2.194-05 ~.506-04 1.065-06 3.628-03 

:= 
4.000+06 7.831-03 3.750+00 2.162-02 1.275+00 6.418 -03 5.061+00 ;.304-06 2.540-03 1.464-05 8.6,t-04 4.347-06 3.478-03 

'" 
5 .000+06 S .on-03 3.239+00 1.607-02 1.680+0C 1.278-0;> 4.953+00 30396-06 ;> .lQ4-03 1.089-05 1.138-03 8.657-06 3.355-03 

0 6.000+06 3.4fll-03 2.863+00 ,·.274-P2 2.C33+00 1.961-02 4.932+00 Z .358-06 1.Cf39-0:5 8.629-06 1.377-1>' 1.328-05 3.341-03 

7.000+06 2.553-03 2.573+00 1.0S~-0~ 2.348+00 2.c42-02 4.960+00 1.733-06 1.743-03 7.126-06 10590-03 1.790-05 3.360-03 

E.OOO+06 10958-03 2.342+00 8.954-03 2.632<00 3.302-02 5.0 18Hl{) 10326-06 1.586-03 b.Obs-ot , .783-03 <' .237-05 3.39<)-03 :r 
9.000'06 1.541-03 2.153+00 7.785-03 2.890+00 3.933-02 5.092+00 1.048-06 1.458-03 5.273-06 10951'-0 ~ 2.664-05 3.44<)-03 

1.eOO-07 1.25l-03 1.<)95+00 6.882-03 3.125+00 4.533-02 5.173+00 3.487-07 1.351-03 4·.662-06 2.117-03 3.070-05 3.504-03 C 

10 100+07 1.036-113 1.1161+00 t.164-()3 3.341+0r 5.1P1-02 5.260+00 7.017-07 1.261-03 4.175-06 2.263-0, 3.4>5-05 3.563-03 
OJ 
OJ 

1.200'07 8.70,-04 1.745+00 5.580-03 3.53~+OC 5.637 -02 5.346+00 50896-07 1.182-03 3.780-06 2.396-03 3.818-05 3.621-03 m 
1.300'07 7.417-04 1.644+00 5.096-03 3.720+0~ 6.143-02 5.431+00 ; .024-07 1.114-03 3.452-0f; 2.520-03 4.161-05 3.67'1-03 ... ... 
1.400.07 6.39;-04 1.555+00 4.689-03 3.887+00 6.624-02 5.514+00 10 332-07 1.05.3-03 3.176-06 2.633-03 4.1.87-05 3.735-03 ~ 

1.500+07 5.571-04 1.477+00 4.341-03 4.043+0G 7.079-()2 5.596+00 3.774-07 1.00Q-03 2.9' 0-P6 2.7"!9-0~ 4.795-/15 3.790-03 G) 
1.600'07 £.89~-O4 1.406+00 4.041-~3 4.18Q+00 7.512-02 5.675+00 30316-07 9.524-04 2.737-06 ..,837-03 5.088-05 3.844-03 

~ 1.800+07 3.869-04 1.285 +00 3.550-03 4.457+00 8.315-02 5.1'29+00 Z.621-07 8.70&-04 2.405-06 3.019-03 5.632-05 3.948-03 

2.000+07 3.13_-04 1.185+00 3.165-03 4.698+00 9.04f.-02 5.977+60 2.123-07 8.027-04 2.144-06 3.182-0: 6.127-05 4.048-03 ~ 
2.200·07 2.59)-04 1 .101< 00 2.P.54-C3 4.916+00 9.715-02 6.117-00 10754-07 7.45.B-04 1.933-(16 3.330-03 6.5~0-05 4.144-03 

~ 

2.400t07 2.17S-04 1.029+eo 2.599-P3 5.114+00 1.033-01 6.249+00 10474-07 6.970-04 1.760-06 3.464-03 6.997-05 4.233-03 ~ 
2.600i07 1.851-04 9.659-01 2.3~6-0J 5.295+00 1.090-~1 6.372 + 00 1.256-07 6.543-04 10616-06 3.587-03 7.383-05 4.316-03 Z 
2.80~·O7 1.5Q9-04 9.112-~1 ~.205-03 5.460+00 1.143-01 6.488+00 1.083-07 6.172-0£ 1.494-06 3.698-03 7.742-05 4.395-03 0 

3.000·07 1.393-04 S.628-01 7.049-03 5.613+00 1.192-01 6.597+00 ,.£35-08 5.844-114 1.388-06 ".80;>-0= 8.074-05 4.469-03 '& 
4.1)110·07 7.831-05 6.856-01 1.511.- 03 6.234+00 1.396-01 7.061.00 S.306-08 4.644-04 1.026-06 4.2('3-03 9.456-0~ 4.7~3-03 

5.000'07 5.011-05 5.723-01 1.201-03 6.694+00 1.551-01 7.1.23+00 30396-08 3.676-04 8.135-01 4.534-03 1.051-0& 5.07.8-03 < m 
6. QO O' 07 ~ .• 481-05 4.931-01 9.947-04 7.053+00 1.674-01 7.715+00 1.359-08 3.340-04 6.738-07 4.777-0" 10134-04 5.275-03 ::II:! 
".oro-a7 1 .9 5~-O5 3.P89-01 7.404-04 7.5f3+00 1.860-01 8.159+00 1.326-08 2.634-04 5.01S-0? 5.136-03 1.260-04 5.526-03 OJ 

l.noo-08 1.253-05 3.228-01 5.896-04 7.959+00 1.996-01 8.482-00 10487-09 2.186-04 3.994-07 5.391-03 10352-04 5.74~-03 '& 
1.S0P.08 5.571-06 2.299-01 3.907-04 8.558+00 2.222-01 9.010+00 ~.174-09 1.5~7-04 2.646-07. 5.797-03 1.505-04 6.103-03 

2.COO<OB 3.133-06 1.802-01 2.921-04 8.916+00 2.364-01 9.333+00 1.122-09 1.2;> 1-0£ 1.'179-01 6.039-03 1.601-04 6.3n-03 

3.0or.08 1.393-06 1.277-01 1.941-04 '1.333+00 2.540-01 9.715+00 1.435-10 8.650-05 1.315-07 6.322-03 1.720-04 6.5~O-03 

~.O O~'08 7.831-07 1.000-01 1.454-04 9.574+00 2.646-01 9.939+00 ;.306-10 6.774-05 9.849-01; 6.485-03 10792-04 6.732-03 

5.C\(l1'}.t{\8 5.01\-07 8.282-02 1.162-04 9.732+00 2.719-01 1.009+01 10396-H 5.610-05 7.871-08 6.592-03 1.842-04 6.83?-03 

/ .• 00 ('t08 3.4M-07 7.091-02 9.677-05 9.B45~OO 2.773-01 1.019+01 20359-10 4.803-0 S 6.555-08 6.669-03 1.1l78-04 6.904-03 

•• QOn,08 1.95·l-07 5.538-02 7.252-05 9.996+00 2.848-01 1.034+01 1.326-10 3.751-05 4.912-0& 6.771-03 1.929-04 7.001-03 

1 .O~o"o~ 1.25;-07 4.556-07. 5.799-05 1.009<01 2.898-01 1.043+01 :10487-11 3 .086-05 3.9;>6-(11', b.834-03 1.963-C4 7.062-03 

1.~OO·O9 5.571-08 3.182-02 3.864-05 1.023+01 2.973-01 1.056+01 30774-11 2.155-0$ 2.617-(11' 6.929-03 2.014-04 7.152-03 

2.CO~"Oq : .13\-08 2.463-02 2.897-05 1.031 +01 3.016-01 1.064+01 h122-11 1.66B-OS 1.962-08 6.983-03 2.043-(/4 7.204-03 

3.000.09 1.393-08 1.712-02 1.931-05 1.040+01 3.064-01 1.07;>+01 90435-12 1.160-05 1.301l-08 7.044-0 :3 2.075-04 7.264-03 
4.r.OO_OQ 7 .€34 -09 1.322-02 1.448-05 1.044+01 3.092-01 1.(176+01 ; .306-12 8.955-06 9.808-09 7.072-03 2.0'14-04 7.2<)0-03 

5.000-C9 5.01\-09 10 OBI-02 1.lSf-05 1.047+01 .~.10Q-Ol 1.u 79+01 3.396-12 7.322-06 7.84&-09 7.092-0:" Z.106-04 7.3H-03 

6.nOOi09 3.481-09 9.164-03 9.650-06 1.049+01 3.121-01 1.G81+01 1.359-12 6.207-06 6.5310-09 7.105-0~ 2.114-04 7.323-03 

8.000<09 1.95~-09 7.060-03 7.237-06 1.051+01 3.137-~1 1.083+01 1.326-12 4.782-06 4.902-09 7.119-03 2.125-04 7.336-03 

10000.10 1.253-09 50764-03 5.790-06 1.053+01 3.148-01 1.085+01 3.487-13 ~.904-06 3. Q.22-09 7.132-03 2.132-04 70350-03 

1.500<10 5.571-10 3.984-03 3.859-06 1.055+01 3.162-01 1.067+01 3.774-13 2.699-06 2.614-09 70146-0:: 2.142-PA 7.363-03 

2.000<10 3.133-10 3.063-03 2.p.95-06 1.056+01 3.170-C1 1.088+01 ?.122-13 2.075-06 1.<)61-1)9 7.153-03 2.147-04 7.370-03 

3.000<10 10393-10 2.112-03 1.<)30-06 1.058+01 3.178-01 1.\190+01 h435-M 1.431-G6 1.307-()9 7.166-03 2.153-04 7.3R3-03 

4.000',0 7 .83~-11 10622-03 1.447-06 1.058+01 3.183-01 1.090+01 ;.306-14 1.099-06 9.801-1il 7.166-0~ 2.156-04 7.383-03 

5.000.10 S.OH-l1 1.320-03 1.1SE-06 1.059+01 3.186-01 1.091 +01 30396-14 8.941-07 7.044-10 7.173-03 2.151',-04 7.3QO-03 

6.000<10 3.48~-11 1.116-03 9.648-07 1.059+01 3.188-01 1.091+01 1.359-14 7.559-07 6.S:.n-l0 7.113-03 2.159-04 7.390-03 

8.00~<10 1095~-11 8.559-04 7.2~6-07 1.059+01 3.190-01 1.091+01 1.326-14 5.7':;7-07 ,.901-10 7.170-113 2.161-04 7.390-D3 
100(\0.11 1.253-11 6.963-04 5.789-07 1.060+C1 3.192-01 1.092+01 3.487-15 4.716-07 3.921-10 7.120-03 2.162-()4 7.397-03 



TABLE 6, Cross sections and mass attenuation coefficients for the individllal and to1al photon atom interaction processes, 1 MeV to 100 GeV, 

Z = I to IOo-Continued 

40, ZR, ZIRCONIUti ATOMlC lIT. ; 91022 MSonG .00066017 BA~~S/ATOK ~UlTIPLY ~SO/KG BY 10 FOR CMSO/G 

PA IR PRODUCT ICN PAIR PRODUCTION 

SOTTERlNG SCATTER ING 
PHOTON PHOTO- NUCLEAR ELECnON TOTAL P~OTO- NUCLEAR ELECTR(lN TOTAL 
ENERGY COfiERENT INCOHEf<. ElECTR Ie FIELD F II:LO COHERENT INCOHER. ELECTRI C FlEI.D FIELD 

EV 8/ATOM BIATOM ~/ATM B IATOH B IA TOIt B IA TOM "SO/KG "SO/KG MSO/KG HSQIKG HSO/kG "Se/KG 

1.flOO+l)6 1.331.- 01 8.&27-09 2.391-~1 0.000 0.000 e .799-00 8.807-05 5.563-03 1.571:-04 O.)r- 0 0.000 5.809-03 ." 
> 1.0n+06 1.278-01 80339-0~ 2.288-01 0.000 0.000 8.696-00 8.437-05 5.505-03 1.510-04 Q. ~I)C 0.000 5.741-03 
ii 1.250+06 ~. 562-02 7.5~2+0Q 1.5£4-01 1.880-02 0.000 7 .eo I-DO 5.652-05 4.979-03 1.V19-04 1.~41-05 0.000 5.150-03 

1.500+06 5.953-02 6.859+0~ 1.109-01 9.018-02 o .O~ 0 7.120-00 3.930- 05 4.523-03 7.321-05 5 .~53-0 5 0.000 4.701'-03 .... 
7.000+06 3.353-02 5.857 +00 6.785-02 3.227 -0 1 0.000 6.281+00 2.214-05 3.867-03 4.47'1-05 2.130-04 0.000 4..,47-03 :;III 

7.044+06 3.211-02 5.71'5+0' 6.549-02 3.458-01 o .OOC 6.22t\-OO 2.120-05 3.819-03 "_32'3-05 2.Z83-04 0.000 4.112-03 :;; 
3.0 00+06 1.492-02 40610+00 3.632-02 8.574-01 1.613-03 5.520+00 9.850-06 3.043-03 203<;8-05 S.66C-04 1.065-06 3.644-03 ... 
t.OOO-06 8.394-03 3.1146+0. 2.423-02 1.343-00 6.582--03 5.228+00 5.541-06 2.539-03 1.600-05 1'.366-04 4.345-06 3.451-03 m 

~.OOO+06 5.373-03 3.322+0. 1.801-02 1.767"0(1 1.311--02 5.125+1)0 3.547-06 2.193-03 1 0189-4) 5 1.167-03 8.655-06 3 .3!l4-03 :of 
6.00C+06 3.732-03 2.936+0. 1.427-(\2 2.137+00 2.011--02 5.111+00 ;i .464-06 1.938-03 9.421-06 1 • .,,-0" 1.328-05 3.374-03 > 
7.000+06 2.742-03 2.639+0t 1.178-02 2.468+00 2.709-02 5.149+00 1 .~ 10-1)6 1.74;?-03 7.777-P6 1.629-03 1.788-05 3.39Q-03 Z 
8.000+06 2.099-03 2.402+00 1.002-02 2.765+00 3.386--02 5.213.00 1.3l!6-06 1.586-03 6.615-06 10825-03 2.235-05 3.1.1.1-03 0 
9.000+06 1.659-03 2.20e+of 8.713-03 3.035+00 4.033-02 5.294.00 1.095-06 1.458-03 5.752 -06 2.Q04-~3 2.662-05 3.495-03 
1.000+07 1.344-03 2.046+0~ 7.701-1l3 3.282+00 4.648-02 5.384.00 8.873-1)7 1.351-03 5.0B4-0t 2.167-03 3.068-05 3.554-03 .... 
I.ICO+07 1.110-03 1.90/l+0( 6.e97-03 3.5~f+OO 5.231-02 5.476.00 7.32a-07 1.260-03 4.553-06 2.316-03 3.453-05 3.615-03 0 
1.200-07 9.331-04 1. 790+0( 6.243-03 3.716+00 5.780-02 5.571.00 6.1M-07 1.182-03 4.121-06 2 •• 53-0, 3.816-05 3.678-03 

.... 
> 

1.300+07 7.950-04 1.686+0( 5.701-113 3.91'1-00 6.298 -02 5.662.00 5.24B-07 1.113-03 3.7b4-06 2.S7'i-03 4.1S8-P5 3.738-03 ... 
1.400+07 6.855-04 1.595+0( 5.245-03 4.083-00 6.791-02 5.752.00 4.525-07 1.053-03 3.463-06 2.6<>5-03 4.483-05 3.797-03 > 10 500+ 07 5.972-04 1.514+0[ 4.856-03 4.247+00 7.258-02 5.e.39iOO 3.945-07 9.995-0" 3.206-06 2.804-03 4.791-05 3.855-03 .... 
1.600+07 5 .21.~-04 1.442+0~ 4.520-03 4.401+~O 7.702-D2 5.925'00 3.46;-07 9.520-04 2.984 -06 2.'IIS-03 5.085-05 3.912-03 0 
1.800+07 4.147-04 1.318+0~ 3.970-r3 4.681.0(1 8.524-D2 6.089+00 :/:.733-07 8.701-04 2.621-06 3.090-03 5.627-05 4.0211-03 ~ 
,.000+07 3.359-04 1.215+0~ 3.53'1-03 4.932+CO 9.273-02 6.244.00 2.213-07 8.021-04 2.336-06 3.256-03 6.122-05 4.1n-03 n ,.200+07 2.776-0& 1.129+00 3.192-C! 5.161+00 9.959-)2 6.393+00 1.833-07 7.453-04 2.107-06 3.l07-03 6.575-05 4.220:'03 
?400+07 2.333-04 1.055+60 ".906-03 5.368+00 1.059-~1 6.532+00 ,. 51; D-07 6.965-04 1.918-06 3.544-03 6.9<;;1-05 4.312-03 n 
(.600+07 1.988-04 9.907-01 2.668-0~ 5.558+0(\ 1.117-~1 6.66~_00 10312-07 6.540-04 lonl-06 3.t69-C3 7.374-~5 &.399-03 :;III 

2.ROOt07 1.714-04 9.345-01 2.465-03 5.731-00 1.171-)1 6.7!'S-00 1.132-07 6.169-04 1.627-06 :r.783-0' 7.731-05 4.479-03 0 
3.000+07 1.493-04 B .84 9-01 2.291-03 5.P.<;;1+00 1.222-)1 6.901-00 9.85.-08 S.81.2-flt. 1.512-06 3.S89-03 8.067-05 4.556-03 '" 
•• 000+07 8.398-05 7.032-01 1 .693-0~ 6.542+00 1.430-)1 7.390+00 5.54.-08 4.642-04 1.111'-06 4.31<1-03 9.44u-05 4.879-03 '" 
5.000+07 5 .375-05 5.870-01 1.342-01 7.024'00 1.589-~1 7.771+0C 3.543-08 3.875-04 8.859-07 h07-03 1.049-04 5.130-03 '" '.OO~+07 3.732-05 5.058-01 10112-03 7.399+00 1.715-?1 8.077+00 2.46.-08 3.339-04 7.3'1-07 4.a85-03 1.132-04 5.33:>-03 m 

n 
~.OOO+07 2.099-05 3.969-01 8.271.-0. 7.954+0C 1.905-~1 8.544+00 1.360-08 2.633-04 5.4·SZ-07 5.251-03 1.258-04 5.641-03 .... 
1.~?~+OIl 1.344-05 30311-01 6.589-()< 8.349+00 2.044-a1 8.865+00 8.1'73-09 2.186-04 4.3iO-07 5.512-03 1.349-04 5.866-03 0 
1.500.08 5.972-06 2.358-01 4.366-0. 8.976+00 2 .27 5-~1 9.440+00 3.945-09 1.557-04 2 .8~2-07 5.%'6-03 1.502-04 6.23;>-03 Z 

!- Z.00~+08 3.35"-06 1.848-01 3.264-04 9.352+00 2.421-91 9.779+00 2.21$-0'7 1027.0-04 2.1)5-07 6.174-03 1.598-N 6.456-03 '" ... 30000_0>3 1.493-06 1.310-1.1 ;>.169-0_ 9.78'1+00 2.600-Q1 1.018+01 9.85.-10 8.641'-OS 1.432-07 6.l62-03 1.716-04 6.721-03 
:r I.COC+O~ 8.397-07 \1.026-01 10624-0. 1.004+01 2.709-01 1.041"01 5.545-111 6.773-05 1.072-07 6 .~21'-O3 1.788-04 6.875-03 "" 
~ ~.00~+08 5.374-07 8.494-02 1.2<18-0> 1.021+01 2.7114-01 1.057+01 3.548-10 5.607-05 8.569-M 6.;40-03 1.638-04 6.960-03 0 

:;III 

n t.OOO-OIl 3.732-07 7.273-02 1.081-0. 1.033+01 2.83.-91 1.069+01 2.1.6, -10 4.801-05 7.136-08 t .E2 1'-03 1.874-"4 7.05S-03 
:r t.PO~+08 2.09"-07 5.6110-02 8.103-0~ 1.048"01 2.915-11 1.083+01 1.38.-10 30750-05 5.349-nf, 6.~1Q-O" 1.924-(\4 7 .1&Q-03 "V .. 

1.0PO+09 1.344-07 4.673-02 6.480-05 1.059+01 2 .966-t 1 1.093+01 p.871-11 3.085-05 4.278-08 6.~91-03 1.958-04 7.218-03 :E: 
3 

10500-0. 5.972-08 3.2b3-02 4.317-0S 1.073+01 3.043-.1 1.107+01 3.941-11 2.154-05 2.850-08 7.~84-03 2.009-N 7.306-03 0 
r ,.000+0· 3.35~-Oa 2.526-02 3.237-05 1.082+01 3.0117-01 1.115+01 2.213-11 1.668-05 2.137-(1/3 7.143-03 2.038-04 7.363-03 .... 

0 
="' :.OOC+09 1.493-08 1.756-02 2.157-05 10090+01 3.136-C1 1.123*01 9."5.-12 1.159-05 1.4?4-08 7.196-03 2.070-04 7.414-03 Z 
c ~ .000+09 8.397-09 1.356-02 1.618-01 1.095+01 3.164-H 1.128+01 5.543-12 8.952-06 1.068-08 7.229-03 2.089-r4 7.447-03 

'" !!. ~.()OO+09 5.374-09 10108-02 1.294-05 1.098+01 3.182-01 1.131+01 3.548-12 7.315-06 8.51.3-09 7.249-03 2.101-"4 7.466-0~ 

!> t.OOO+o. 3.732-09 9.399-03 1.078-05 1.100+01 3.194-Q 1.133+01 2.46l-12 6.205-06 7.117-09 7.262-03 2.109-04 7.479-03 

~ 
~.OOO+O" 2 .09"-09 7.241-03 8.086-06 1.103_01 3.210-~1 1.136+01 1.386-12 4.780-06 5.338-09 7.282-03 2.119-04 7.498-03 

10000*10 1.341.-0' 5.912-03 6.469-0t 1.104+01 3.221~O1 1.137+Dl 8.873-13 30903-06 4.271-~9 7.zP.8-03 2.12(>-04 7.511~-O3 

loS 00+1 {I 5.972-10 4.086-'03 4.312-0t 1.1P7+01 3.235-(1 101~O+01 3.943-13 2.697-06 2.847-09 7.308-03 2.136-04 7.524-03 
~ 2.000+10 3.359-10 3.141-0:: 3.234-~t 1.108+01 3.243-(1 1.141+01 2.2H-13 2.074-06 2.135-09 7.315-03 2.141-~4 7.531-03 

Z 3.000+10 1.493-1 0 2.166-03 2.156-06 1.109 +01 3.251-Cl 1.1l.2+01 9.856-14 10434)-06 1.423-09 7.321-03 2.146-04 7.537-03 

l' 4.000+10 11.397-11 1.663-03 1.617-C~ 1.110+01 3.257-~1 10143+~1 5.543-14 1.098-06 1.11 .. 7-09 7.328-03 2.150-04 7.5£4-03 

.... 5.000-10 5.37t.-l1 1.354-03 1.294-06 1.111+01 3.260-~1 1.144+)1 3.54f-14 8.939-07 8.5>3-10 7.334-03 2.152-04 7.551-03 . 6.000+10 3.732-11 1.145-03 1.078-06 1.111+01 3.262-r.1 1.144+Dl 2·46l-14 7.559-07 7.1'7-10 7.334-03 2.153-04 7.5<;1-03 -; ~·.OPO+l 0 2.099-11 8.778-04 ~.085-01 1.111+01 3.264-01 1.144+0)1 1.38t-14 5.795-07 5.337-10 7.33.&-03 2.155-04 7.551-03 0 
00 1.000+ 11 1.344-11 7.142-04 6.468-07 1.111+01 3.265-01 1.144+.)1 8.873-15 4.715-07 4.270-10 7.334-03 2.155-04 7.550-03 co 
0 

(oJ 



!- TABlJP: 6. Cross sections and mass attenuation coefficients for the bdividual and total photon atom interaction processes, 1 MeV to 100 GeV. ... 
0 ... Z=l to tOO-Continued Q) :r Ao 

~ 
n 41, HB. ~IOBIU" HOHlt liT. ~ 92.9(6& IISO/KG .00064&111 I!MlHS/HOII HUl Trl'LY !\SO/f(~ lH HI fOR (IISO/i? :r 
ct 

? PA II< I'R()tllcT 11)11 P'1Il PRODUCT ION 

'" ScnHHIIG SCATTER 1 NG 
ct 

PHOTO~ 1'11010- NUnnl! el£CT~ON TOT At PHOTO- ~tiCLEAR £HCrRON ToTAt ="' 
c ENERGY COHERENT INCO"ER. tlHTRIC flELe fIELO COHEROH [NCOHE~ • :lECtRI C FlE'LO FlllO 

~ fV Il/ATD" B/ArO,., BIA TOI! P./HOH f>/A1"OI\ \II HG II "SOIKG "SOIkG Hso/ret, HSU/KC "SO/I(G HS()/~G 

< , .'lOll+Ob t "l8-01 &.637+no ,.67g-U1 O.OllO C.OI) f) 9.048+00 9.256-05 5.598-0:- f.736-04 ".coo hOOO 5.865- 03 
~ ,.02"+06 1.36!l-01 !.546+QO Z. 56 3-01 0.000 hOnG 8.939.00 8.867-05 5.53<l-03 f .661-0~ 'l.Q~t: •• 0 C () 5.7'1&-O;S 

.-<> 1.<5PDb 9.1t>5-02 >.131l+(l~ '.730-D1 2.005-02 0.000 8.(/15 .. 00 ~.941-ns 5.011l-t'3 1.121-04 l.lf>O-O '> 1.000 5.1 9 5-03 

:z 1.500+06 ~.373-02 >.030+00 , .242-01 9.575-02 ~.OlH) 7,314 .. 00 ~.131-05 4.557-0:! a.051l-05 ('.206-05 ~.O ('(/ 6.741-03 

!' <,.000+06 ~.5qll-02 • .003+00 7.592-07 3.412-01 f).tOO 6.456'00 20321-05 ~.8~1-C 3 1.921-05 1.21?-O4 c<OOO 4018S-0J 
7.04M06 h437-02 S .929+00 '.327-02 3.655-01 c.OOo 6.&02 .. 00 ~ .228-05 3.843-113 '.U9-0S Z.369-04 •• D~O 4.150-03 

f" 3.000+06 1.597-02 i.725+00 •• 061-02 ".032-01 1.653-03 5.686 .. 1)1) , .035-05 3.063-03 2.632-05 5.854-0 " <.071 -()6 3.6P6-03 

~ 
~ .000+06 ~ .9117-1)3 ,.942"IH) 2.707-02 1.412+00 6.746-03 5.397·00 5.825-06 Z .555-03 ! .75S-!)S 9.152-04 ( .3 1 3-06 3.498-0! .., '5.0 G~+06 5.753-03 h4I)S+OO h011-0Z t.B57+0/) 1.'43-02 S.3!l1+00 h729-G6 2.207-03 1.303-05 l.lOt.-03 8.705-06 3.436-03 

0 6.\'00+06 :.995-03 30010+00 1.593-02 2.24&+00 2.06hOZ 5.295+00 ~ .589-1l6 10951 -tl 3 1.033-05 !.4'>5-0~ ~ .:336-05 3."32-03 
7.(HiO+l)b 2.935-(\3 1.705+00 :.315-02 2,S90+I!O 2.777-02 5.339+00 1.902-116 1 .753-03 &.S24-t'6 1.679-03 1.l<\l6-(lS 3.461-03 
P. .nOC+\'6 ~.2/.B-a3 2.462.00 :.119-02 2.902+01) 3.4 7n-O~ 5.412+00 1.4'57-06 1.596-03 1.253-06 I.S81-03 ,0249-05 3.51)8-03 % 
9.eO()+lIb ? .776-&3 , .263+(11) ~"1'21-03 3.18.-00 4.133-02 5.500+00 1.151-06 1.467-03 1031'l1-\)(' 1.064-03 2.679-05 3.565-03 c: 
1.000 .. 07 1.43B-03 ] .097+00 t.591-03 3.U:;+\)1l ,,163-02 5.598'00 ~.'21-01 1.3Sf)~()3 5.569-06 1.2"?-O3 ,.087-05 3.628-{j3 lilt 
1.100.07 1.189-03 1.956.IH) '1.693-1)3 '3.t19+CG 5.360-0;> 5.697+00 1.707 -D7 1,2.68-03 •• 986-0~ l.38S-03 ].474-05 3.6<l3-0; lilt 

m 
1.2DO+07 9.990-04 ; .835+flO t.963-03 3.897+00 5.923-0<t 5- 799+0 0 6.475-07 10 189-1)3 ,,513-06 l.S?6-03 h839~05 3.75<l-03 ,.... 
1.3M+07 3.512-04 1.7<8+00 t .358-03 4.09 1+00 6.453-02 S.S'l7~(\\\ S.517-117 , .1;>0-03 .. 121-06 l.6S6-03 .(.183-05 '3.8?2-03 !:"' 
1·'(11)+1)7 1.3£0-04 <.635+00 1.8&9-03 1 .. 281*00 6.9S8-02 5.992+00 1.758-07 1.060-!l~ ;'7~1-06 2.77S-Il~ t.S10-0S ,.88.'.-03 

~ 1.SOO+Q7 S .394-0~ !.552'00 1.415-03 ~ .453+00 7.436-02 6.085+00 ;.141.-07 1.M6-1)! h51()-06 1.886-0 ~ (.l'Il0-05 3.91.4-03 
i , .600' 67 ; .619-04 <.£ 71'+00 ~.O40-03 4.614 .00 7.8 9 1-0i! 6.177+00 5.64<-07 9.580-04 3.261-06 1.991-()3 ~ .l1S-C5 ".0(14-03 

1.80!)+1)7 ~.t.t.O-Q4 · .351·00 ~.426-03 4.908+00 8.733-02 6.351+00 ?878-07 8,157-04 1.869-06 1.181-03 ~ .661-0 5 4.117-03 }: 2.nOO·07 S.591-04 f.246~O/) 3.945-03 50172+00 ~.51l0-1l~ 6.517+00 l.332-07 8.076-04 Z .557-06 ~. 352 -0 ~ ~ .158-05 4 .2?l. -1)3 
2.21'0+lll ~.972-04 1.157~1l0 3.558-03 5.011+/10 1.020-01 6.614+00 ! .926-07 7.499-1)£ Z .306-06 hS07-\l3 (.611-05 £.326-03 ~ 2.400+07 ~.~98-n4 1.081>00 3.240-03 5.629*00 1.085-01 6.8Z2+ 00 1.619-07 7.001-04 t .100-06 ~.6'9-0:' 7·033-\\5 4.42:?-03 Z 2.600*07 ~.12S-04 1.015'00 l.973-03 5.827+00 1.144-(11 6.961hOO 1.379-07 6.579-04 f .921-06 Jo777-03 ,.415-(15 4oS11-03 '=' "2.800.01 1.835-\\4 '.579-1)1 ,.748-03 6.009+011 1.200-01 7.090+00 10189-07 6.209-01. 1.1P.l-llto 10895-03 7.778-05 4.596-03 
3.01l0·07 1.598-04 9.070-01 ZOS53-03 ¢.17 7+00 10251-111 7.Z12+00 1.036-1/7 5.879-04 1.655-06 "OC4-0' 8.109-05 4.675-03 "G 
4.000+07 1.991-05 ' .2IlS-01 1.8e6-03 6.8S7+0D 1.465-61 7.726+00 >.828-08 4.672-04 , .222-06 401.45-03 ~.496-0S 5.008-03 < 
5.1)0\\+07 5.7,.-05 •• 017-01 •• &95-03 7.361+00 1.627-01 8.,27+00 ~.130-08 3.900-04 9.690-07 •• 171-d3 ~.()SS-04 5.268-03 "' 6.~OO+O7 ~.996-(}5 1.184-01 .• 23S-03 7.754+00 1,756-01 11.1049+00 Z.590-t)B 3.360-04 3.031-07 5.026-03 1.138-04 5.617-113 =u 

CD 
8.aOO"!)7 2.248-05 .. n81\-01 ~.218-114 8.335+0/) 1.950-01 8.94~+OO 1.457-08 2t651l-lll. ) ."HS-07 5.403 -0 3 1.264-04 5.795-03 -& 
1.00P+OA 1.43"-05 3.393-01 ;.340-04 8.7I.7H1O 2.092-01 9.296+00 ~.327-09 2.199-04 1.758-117 5.670-03 •• 3,6-04 6.026-Cl3 
1.500+08 S.393-06 {.4 Tl-01 I.B63-()4 9.404+011 2·328-01 9.879+00 •• 144-~9 10567-04 J.1S2-07 .. 1196-113 1.S6'i-04 6.403-03 
2.llllll'O8 h596-06 ·'.895-1l1 3.636-04 Q.797+00 2.477-01 10023+01 2.331-09 1.221\-04 1.357-1!7 4.350-0 >; 1.606-1)4 6.634-03 
!.~OO+O8 , .598-1)6 < .343-01 1.416-64 1.025+1) 1 2.E>S9-\}1 1~\l65+01 1.1136-09 8.705-05 1.566-07 '.64~-O3 1.724-1'1& 6 .~03-03 
t .nllo-os '.991-07 • .G52-01 1.e10-04 1.052+01 2. 769-0 I 1.090+01 ).~28-10 6.S1<)-1l5 1.113-117 0.1119-03 1.795-(t4 7.067-03 
5.000+08 5.754-07 ~. 71)6-02 1.U6-M 1.069+01 2.8& 5-0' 1.106+01 10150-10 5.643-05 9.373-08 •• 92'1-03 1.1144-04 7.170-0:3 
~.r/ll)+OI< 3.996-07 7.454-0. ·.~O4-\)4 1.1182+C 1 2. 9 00-01 10118+01 1.590-111 4.832-0S 1.804-08 '.013-03 1.8gb-04 7.250-(13 
a.!)Q{)+08 2.241!.-1l7 S .ez ?-62 ~. 026-05 1.098+01 2. 9 71-01 1.134+01 1.,57-10 3.714-05 S .851-0& '.117-03 1.93()-04 7.3AS-O! 
1.~OV+09 t.438-07 -.79()-02 •• 218-05 1.10'1+01 3.0(8-01 1.144.01 1.321-11 3.tOS-OS •• 679-08 '.lIlS-Il! 1.963-04 7.&16-\}3 
1.5CO+09 S.393-08 J.345-02 ! .80'1-05 1.1Zt..01 3·105-01 1.158+01 ,.144-11 2.1M-liS 3,'11-08 7.286-03 <.O13-~4 7.509-03 
2.00a+o. 3.596-08 1.589-1l2 !.60S-1J5 1.133+01 3.148-01 10167+01 1.331-11 10678-0 S 2.337-llP. r.344-03 2'040-04 7'565-03 
3.(100+0' 1.598-06 1.800-02 1.403-1'5 1>142+01 3.196-01 10 176+01 1.036-11 1.167-05 1.S58-08 l.~O~-l)3 , .012-04 7.6,?1-03 
t..OO{)+09 ~.<j'H-()9 <.391l-fll 1.802-U5 10141+01 3.224-01 1.181.01 ,.828-n 9.010-06 1.168-08 ~.435-03 2.09(;-04 7.653-03 
S.OllO+09 ,.754-09 '.1:56-02 10&41-05 10150+01 3.2&1-01 10184+01 30730-12 7.363-06 '.340-09 7.&54-03 , .101-04 7.672-03 
6.000"09 ~ .996-09 ~.634-!)3 10201-0S 10 152+01 3.253-01 1.185+01 1.591)-12 6.2&5-06 >.785-0'1 7.467-03 2.109-04 7.6IJA-O:! 
8.000+09 ? .248-09 '.422-03 ~.OO7-!)6 1.155+01 3.270-(11 1.188+01 1.457-12 4.811-06 1.83~-O9 ?487-'.)3 , .120-04 7.70'-03 
10000+10 1.438-09 •• 060-(\3 7.205-06 10157+01 3.280-01 1.190+01 '/.321-13 :3 .928-06 •• 670-1)9 1.499-03 ,.'26-04 7.716-03 
1o~on+1 0 ~.:393-10 4.188-03 ~ .803-()6 1.159+01 3.294-01 1.192+01 ~.146-13 2.71<;-\)6 .. 113-09 1.512-03 ;; .135-04 7.729-03 
2.000-10 ~.S96-1 0 hUO-03 3.602-06 1.161 ~01 3.302-tl1 1019&+01 ~.331-13 2.087-06 2.335-09 1.525-03 20140-0' 7.71.2-03 
3.1)00+10 1.S98-10 7.2tfl-1)3 <.G01-1l6 1.162+01 3.3' 0-01 1,19S+01 I.036-H 1.,39-06 ! .556-09 7.S:!2-03 ,.145-1)1. 7.748-03 
r..O\l()+1 0 ~.991-11 '.705-63 ,.801-06 1.163+01 3.315-01 1.196+01 ).828-14 10 105-06 1.167-09 >.S38-Q 3 2.149-()4 7.754-03 
5.000·10 5.75'-11 1.3116-03 1.441-06 1.U,3·\)1 3.">18-111 10196+01 50730-14 8.997-07 ~.::4 0-1 0 >.5~8-/)3 "'51-1l~ 7.nt.-1l3 
6.000+'0 3,996-11 ~ .173-03 1.201-06 1.163+01 3.319-01 1.1961-01 1.590-1£ 7.btl3-()7 1.785-H 7.5:<8-03 2.151-111. 7.754-1)3 
~ .001)+1 0 2.248-11 3.998-1)4 ~.1l0S-117 1.164+01 3.322-01 1.197+01 1.457-14 5.932-07 St837-1tl 7'.5' S-{)3 20153-04 7.761-03 
1.000+11 1.438-11 ? .320-1)4 "204-1l7 10164+01 ;.323-01 1.197+0t 9.321-15 4011.5-07 .. 610-1 I) '.S£S-03 ,,154-01. 7.761-03 



TABLE 6. Cross sections and msss attenuation cocfficicnt5 for the individual and tolal photon atom int-e~action pr~ce::>Ep.s, 1 "'feY to 100 G,,\', 

Z = 1 to lOo-Continued 

42, MO, MOLY80E"UM ATOIHC liT. = 9S.94 MSO/Kf .06t627'9 8ARNS/ATOII MULTIPLY MSO/KG ~y 10 ro~ CMSO/G 

P'IR PRODUCT ION PAIR PRODUCTION 
SeA TTERI"!; SC A HER I Nt; 

PHOTON PIIOTO- NUClEA R ELECHON rOlA_ NOTO- NUCL fAR ElECTRON T()TAL 

ENHGY COHERENT INCOHER. ElECTR ,( f IHC' F IE LV COHERENT I"COHER. elECTRIC FIEtD FIELD 

EV BIATOM B IATOH e IA TO~ BIATCM fJ/A Tel! B/ATQI! liS O/KG MSIl/KG IISO/KG M50/~G MSO/l<S IISO/KG 

." 
1.000+06 1.527-01 8 .1146 + 0) 2.991-(1 0.000 O.COO 9.298'00 9.51'5-05 5.553-03 1.E77-04 o.~ 00 o.OCO 5.836-03 ,. 
1.0n+06 1.462-01 8.754+0~ 2.862-(1 0.000 C.OOO 9.186'00 9.177-0S 5.495-03 107v6-0£ O. ~oo 0.000 5.766-03 §ii 
1.250+06 9.799-02 7.918+0) 1.932-01 2.135-V2 0.000 8.231+00 6.151-05 4.970-03 1.213-04 1.3£ ~-05 0.000 5.166-03 

1.500+06 (.814-02 7.201+0,) 1.386-(1 1.015-01 0.000 7.509·00 4.277-05 4.520-03 8.700-05 6.311-05 o.oeo 4.710-03 ... 
2.000+06 3.83'-02 6. 1t. 9+lH 8.472-(2 3.602-01 c.ooo 6."32.00 2.410-~5 !.860-C3 5.318-05 2 .~61-04 0.000 40163-03 ;v 

2.044+06 3.675-02 6.074+0') 8.176-C2 3.858-01 0.000 6.578'00 2.307-05 3.013-03 5.132-0S 2. ~22-04 o.ovo 4.129-03 :; 
3.090+06 1.708-02 4.~40+01 4.528-02 9.505-01 1.694-03 5.855-00 1.072-05 :3 .li38-03 ? .8/.2-05 5.96t-G4 1.063-06 3.675-03 r-

m 
4.000+06 9.610-03 4.039+00 3.017-02 1.4!'!4+QO 6.910-03 5.570-00 6.032-06 2.535-03 1.894-05 9.315-04 4.337-06 3.496-03 :4 
5.000+06 6.152-03 3.488+0. 2.240-02 1.949+00 1.376-02 5.479.00 3.862-06 2.189-03 1.406-05 1.Z?3-03 8.637-06 3.1.39-03 

6.900+06 4.272-03 3.083+0t 1.774-02 2.35~+O~ 2.111-02 5.4l!!O'00 2.t81-0f, 1.Q35-03 1.114-05 1.H8-03 1.325-05 3.440-03 ):0 

7.00{\+06 3.139-03 2·771-00 1.464-02 2.716+00 2.644-02 5.533+00 10970-06 1.n9-03 9.1PS-06 1. 7 05-03 1.785-05 3.473-113 Z 
p..OOO+06 ... 404-03 2.5?2.0~ 1.245-0? 3.041+00 3.554-02 5.613+00 1.509-06 1 .583-03 7.815-06 '.909-03 2.231-05 3.523-03 C 
9.000+06 1.899-03 2.319-0~ 1.082-02 3.336+00 4.2~3-02 5.710-00 1.192-06 1.456-03 6 .• 792-06 2.094-03 2.657-05 3.5~4-03 ... 
1.000+07 1.538-03 2.148+0~ 9.559- 03 3.607+00 ~,8 78-02 5.815-00 9.65\-07 1.348-03 6.000-06 2.264-03 3.062-05 3.650-03 0 
1.100+07 1.271-03 2.0fl4+0( 8.559-1.'3 ".854+00 5.489-02 ~.923·OO 7.97;-07 1.258-03 5.372-06 2 •• 19-03 3.445-05 3.71'1-03 ... 
1.200+07 1.068-03 10879+0( 7.746-03' 4.01'2+00 6.0~5-32 6.030+00 6.70\-07 1.179-03 4.8&2-06 2.~62-0" 3.807-05 3. 78~-V3 ,. 
10300+07 9.103-04 1.770+00 7.072-03 4.292+01.' 6.608-02 60136+00 5.71\-07 1.111-U3 4.439-06 2.694-03 ~.1/,8-05 3.852-03 r-

1.400+07 7.849-0& 1.l;75+0C 6.50S-IH 4.4'15+00 70125-)2 6.239+00 4.927-07 1.051-0'1 4.0~3-06 2.~lS-03 4.472-05 3.916-03 ):0 
1.500+07 6.837-04 10 590+00 6.022-03 4.6e4+0r 7.615-)2 61337+00 4.2",-07 9.980-0& 3.nO-06 2.~2f.-03 4.780-05 3.S78-03 ... 
1.60~+07 6.00,-04 1.514+00 5.605-03 4.833+0~ 8.080-)2 6.434+00 3.771-07 9.503-04 3.SIE-Oli 3.0:':4-03 5.~72-05 4.03 0 -03 0 
1.800+07 4.748-04 1.384+00 4.922-03 5.139+00 8.942-)2 6.618+00 2 .98~-O7 " .687-04 3.039-06 3.2~6-03 5.613-05 4.154-03 3: 
z.000+07 3.846-04 1.276+00 ,.387-03 5.£15+00 9.726-02 6.793+00 2.41,-07 8.009-04 ;> .7;4-% ~ .]«19-03 6.105-05 4.264-03 n 
1.200+07 3.179-04 1.11'5+00 3.956-IB 5.666+00 1.044-01 6.960+00 1.99\-07 7.438-1)4 2.483-06 3.556-0:< 6.553-05 4.369-03 
1.400+07 2.671-0£ 10108+00 3.602-f)1 5.893+00· 1.119-tl 7.116+00 1.677-C7 6.955-04 2.2.1-06 3.6vo-03 6.0 67-05 4.467-03 n 
1.600+07 2.276-04 1.040-00 3.306-03 6.1&1+00 1.171-11 7.262+00 1.42 0 -07 6.528-04 2.n 1 5-06 3.8:'0-03 7.3~0-05 4.558-0'1 :u 
1.800+07 1.962-04 9.812-01 3.054-/)3 6.291+00 1.221'-.1 7.398+00 1.231-07 6.159-04 1.917-06 3.949-03 7.708-05 4.644-03 0 
30 (l"OP+O 7 1.709-0/. 9.292-01 2.B38-li3 6.466+00 1.281-01 7.526+00 1.073-07 5.832-0£ 1.781-06 £.G5 0 -03 a.041-05· 4.7?4-03 

VI 
VI 

1.009+07 ().615-05 7.384-01 2.097-03 7.178+00 1.499-01 g .068 +00 6.03l-0P 4.635~01. 1.:H6-06 4.506-0; 9.609-05 5.06~-03 
VI 

~.OOO+O7 6.154-05 6.163-01 1.062-03 7.705+00 1.66S-~1 !'. 49 0+00 3.863-08 ~ .R6~-0 4 1.013-06 4.1136-03 1.045-04 5.329-03 m 
6.000+07 4.273-05 5.31()-01 1.376-03 8.116'00 1.796-~1 8.828+00 2.681-01' 3.333-01. 8.637-07 5.094-03 1.127-04 5.541-C3 n 
f.000+07 ~.4 04- e 5 4.11':8-01 1.024-n3 e.723+00 1.995-(1 9.342+00 1.S0~-08 2.67.9-04 6.428-07 5 .It 75 -o~ 1.252-04 5.1\64-03 -I 

lonOD+US 1.538-05 3.&76-01 It.157-01 9.154+00 2.140-(1 9.71£>+00 9.65l-09 2.182-04 501<0-07 5.746-03 1.343-04 6.0"9-03 6 
1.500·oa /'.~37-06 2.47S-01 5.404-0' 9.840+00 2.381-(1 1.033+)1 4.29.-09 1.554-04 3.392-07 6.176-03 1.495-04 6.482-03 Z 

~ ?000·08 3 .846-06 1.941-01 4 .040-0J 1.025+01 2.533-tl 10070H1 2.414-09 1.218-04 2.536-07 6.4:1.-03 10590-0£ 6.715-0~ VI 

.... 3.000+08 1.709-06 1.376-01 2.685-0& 1.073+01 2.718-01 1.114+)1 1.073-09 8.637-05 1.6~5-07 6.735-03 1.706-0£ 6.992-03 .." 

:r 4.000+08 9.614-07 1.n77-01 2.010-0& 1.101-01 2.83r-01 1.140+)1 6.035-1C 6.760-05 1.2t2-07 6.911-03 1.776-04 7.156-03 0 
'< 
!" 5.000+08 6.153-07 8.919-02 1.607-lH 1.119+01 2.Q07-~1 101S7'')1 3.862-10 5.598-05 1.0~9-07 7.02£-03 1.825-04 7.;062-03 ;v 

n 6.?OQ+08 4.273-07 7 .636-nZ 1.338-0' 1.132+01 Z.96:'-01 10169+01 2.60-10 4.193-05 8 .3~e-08 7.105-03 1.860-04 7.3:"9-03 ." 
:r 8.000+08 2.404-07 5.96£-OZ 1.003-04 1.149+01 3.041-01 /.185+01 10509-10 3.744-05 6.2Gb-Of 7.?12-03 1.909-04 7.441-03 ::J: .. 
iJ 10000+09 1.538-07 4.907-02 e.019-0S 1.160-01 3.1)93-01 10196+01 9.654-11 3.0P-0-OS 5.033-08 7.2~1-\I3 1.941-04 7.5G6-03 0 

1.500+09 6.837-08 3.427-02 5.342-05 1.176+01 3.171-01 1.211+.1 4.292-11 2.1~1-05 3.353-0~ 7.33 ;>-03 1.990-04 7.6~2-03 ... 
"" ".000+09 3.846-08 2.652~02 " .006-05 1.185+01 3.215~01 1·2;00 .. 1 2.414-11 1.665-0 5 2.515-08 7.08-03 2.018-04 7.657-03 0 
~ 3.000+00 1.709-08 1.844-02 2.670-05 10195+01 3.263-01 10229 •• , 1.073-11 1.157-05 1.676-08 7.5~1-0~ 2.048-04 7.717-03 Z 
Q 4.0 OC+09 9.614-09 1.423-02 7.002-05 1.200+01 3.291-01 1.234+11 6.035-12 8.932-06 1.257-0f> 7.5~?-03 2.066-04 7.748-03 VI 

a 5.001)+09 6.153-09 1.164-02 1.601-05 1.203+01 30308 -01 1.237+~1 3.862-12 7.306-06 1.005-08 7.5,1-03 2.076-04 7.766-(J3 

!f 6.000+09 4.273-09 9.869-03 1.334-05 10205+01 3.321-01 1.239.~1 2.682-11 6.195-06 1'.373-09 7.504-03 2.085-04 7.771'.-03 

< P.OOO+09 2.404-09 7.603-03 1.001-05 1.208+01 3.337-01 1.21.2+~1 1.509-12 4.772-06 6.283-0v 7.582-03 2.095-04 7.797-03 

~ 10000+10 1.538-09 6.208-03 8.005-06 1.210+01 3.3& 7-01 1.2&4+~1 9.654-13 3.897-06 5.1.'25-09 7.5?5-0:! 2.101-04 7.809-03 
1.500+10 6.837-10 4.290-03 5.336-06 1.213+01 3.361-01 1.247+(1 4.292-13 2.693-06 3.3£9-09 7.614-03 2.110-04 7.828-03 

~ 2.000+10 3.846-10 3.298-03 4.002-06 1.214+01 3.370-01 1.U8H1 2.414-13 2.070-06 2.512-0'" 7.6Z0-0~ 2.115-04 7.834-03 

Z 3.000+10 1.709-10 2.275-03 2.668-06 1.216+01 3.377-01 1.250Hl 1.073-13 1.428-06 1.615-09 7.63~-03 2.120-04 7.846-03 

!> 4,000*10 9.614-11 1.746-03 7.001-06 1.216+01 3.382-01 ·1t250+~1 6.035-14 1.096-06 1.25~-(\'i 7.633-03 2.123-V4 7.P46-03 

!> 
5.000+10 6.1S3-11 1.422-03 1.601-06 1.217+01 3.385-01 1t251+~1 3.862-14 8.926-07 1.005-09 7.639-03 2.125-04 7.852-03 
C.OOO+10 &.273-11 1.;>C2-03 1.334-06 1.217 .. 01 3.:sl!7-01 1.251+01 2.682-14 7.545-07 ls.373-10 7.6}9-03 2.126-04 7.852-03 

; 8.000+10 7.404-11 9.217-04 1.000-06 1.2H'+01 3.389-0 I 10252 -01 1.509~14 5.785-07 6.277-10 7.6L5-0 3 2.127-04 7.P59-03 0 
1, IJO 0+ 11 1.53R-l1 7.499-04 1!.004-~7 1.?1B+Ol 3.391-01 10252+01 9.65&-15 &.707-07 5.02~-10 7 .bl5-0 3 2.128-04 7.859-03 CD 

m UI 
0 



~ TABLE 6. Cross sections and mass attenuation roeffieients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV, ..... 
0 .. Z=l tl> IOO-Continued co 

::r 
'< 

0-
r 
t'I ~3J Te. TECHHETIU" HOMIC \IT. = 97.907 "SO/I(( ,OOU61508 ,ARHS/ATOt! PWUIPLY "SOh!; BY 10 FOR CHSO/G 
:r .. 
§l PA IR PRODUCT INI pJTR P~()OUCTION 

'" 
SCATTERIHG SCAlTE<I NG 

?- PHOTON PHOTO- NU(lOR El EC TRON TOTAL PHOTO- NUCLEAR ELECTRON TOTAl 
EIIERGY COHERENT INCOHER. ElECTR It fiELD fIELD toilER ENT INCOHER. HECTRIe FIHO rJHO 

D 
!! EV B/UOl! _" B /l TOI! !! IA TOH SOTOl! BfA TOIf BIA TOM MSOIKG MSO/~G "SO/KG MSO/KG HSO/KG HS'l/KG 

< 1.aOO+OIl 1.627-111 9.0 56 ~OP 3.332-01 o .COO 0.100 9.552+00 '.001-04 ;.570-03 2.049-04 0.000 0.000 5.87S-03 

l!- 1.022+06 1.558-01 1\.961+00 3.188-(11 O. (0 0 0.100 9.436+00 ~.583-!)5 ;.512-03 1.961-04 a.OOf! 0.000 5.PD4-03 .. 1.250-06 , .0&4-01 S.H6+00 2.151-01 20270-02 0.000 8.448-00 ~.421-05 ~.986-(J3 1.323-D4 1.3ge-05 O.OOG 5.196-():,\ . 1.50n+06 7.260-02 7.372+00 1.544-01 1.076-01 o .Ioa 7.7Q7+00 &.465-!JS h534-03 9.497-~5 6.618-05 0.000 4.740-03 

:z 2.000+06 4.090-02 6. 2~5+00 9.428-0;> 3. i99-01 0.000 6.810-00 2.516-05 ~.872-03 5.799-05 2.337-04 O.OOQ 4.1PQ-03 

!' 2.044+06 3.917-02 6.2~8+00 9.099-0;> 4.C69-01 0 •• 00 6.755+00 2.409-05 3.825-03 5.597-05 2.503-04 O.OOQ 4.155-03 

!' 3.0/lC+06 1.11;>0-02 4.915+00 5.035-02 9.~90-01 1.~34-03 6.024+00 1.119-l)~ J .04S-03 3.097-05 to, .145-04 1 .Oe 7-06 3.705-03 

4.000'06 1.024-0Z 4.135+00 3.353-02 1 • ~5 7+0~ 7.074-03 5.7L3+00 6.298-06 1.543-03 2.1)62-05 Q.577-1ll. ~.351-1)6 3.532-03 

:: 5.000.06 6.556-03 3.571+00 2,469-02 l.M4·OO 1.408-02 5.661+00 ~.Q32-06 1.196-03 loS31-Q5 1.257-0?- 8.66~-O6 3.~B2-03 .. 6.000+06 &.553-03 3.117+00 1.970-()2 2 .~66+00 2. '61-02 $.669>00 •• 8eG-\!6 1.942-03 1.212-05 1.517-03 10 329-D5 3.487-03 
0 l.or-C·06 3.345-03 2.e,7+011 1.626-02 2.M4+00 2."1-02 5.73D+OO 2.057-06 1.745-03 1.00(1-05 1.7&,-03 1.791)-&5 3.S24-()3 

8. o IH)+IJ 6 2.561-03 2. 5~2+0(l 1.382-02 3.183+00 3.638-02 5.&18+00 1.575-06 1.588-03 8.500-06 1.9'18-0 :- 2.238-05 3.578-03 :x: 
9.000'06 2.02&-03 2.374+1:0 1.201-02 3.4<;2+00 &.333-0Z 5.923+nO 1.245-06 10460-03 7.387-06 2.1&a-03 2.665-05 3.64:!-03 
1.000+07 106:9-03 2.1°9+nO 1.061-02 3.174+00 4.493-02 6.(/35+00 10008-06 1.353-03 6.526-06 ?321-03 3.071-05 3.712-03 c: 

Q:I 
1.10n·07 1.355-03 2.051+00 9.496-03 <I .~:n+llo 5 •• 18-02 6.'51<00 f.334 -07 1.262-03 5.841-0t 2.481-6"" 3.456-G5 3.78~-03 Q:I 

1.200+07 1.138-03 1.9,4 .. 01l 8.594-I)J I. .271+00 6.108-02 6.267+00 1.000-07 1.183-03 S.286-0t. 2.627-03 3.81S-Q5 3.1>55-03 m 
10300+07 9.701l-1l4 1.8,2+00 7.846-03 4.~91+00 6,763-02 6,379+00 ~.966-07 1.115-03 4.826-06 2,762-03 4.166-115 3.9?4-03 r-

1.£00+07 8.3t4-04 1.7'5+00 7.2'6-Q~ 4.693 +00 7.292-02 6,489+00 ~.145-07 1.055-C3 1..1.38-06 2.887-03 4.485-05 3.991-03 !'"" 

1.500+07 7.n6-04 1.628+00 6.680-03 4.~P.O+OO 7.793-02 6.593+00 •• 4e 1-67 1.001-03 4.10'i-O[ 3.007-03 4.793-05 4.055-03 Ci') 

1.600·07 6.404-0& 1.550.00 6.217-03 S.~S6·OO 8.,68-02 6.696+011 3.'139-07 9.534-04 3.824-06 1.110-03 5.0BS-~5 4.111'-03 i 1.'300+07 S .060-04 1.4
'
1+0(1 5.459-03 5.~i'7 >Oll 9.15"-02 6.891-00 :.112-07 Ro716-C4 :;.358-P6 '!.307-03 5.628-05 4.239-03 

Z.000+07 4.09B-04 1 03~7.1l0 4.865-03 S.t65+00 9.Q5l-02 7.077+00 2.521-07 8.039-04 2.992-06 3.&84-e3 6.121-05 4.353-03 ~ 
2.20~·O7 3.387-04 1.Z'4+00 4.386-03 5 .~27 +oe 1.069-01 7.253+00 2.083-07 7.467-04 2.698 -a6 3.646-03 6.575-115 4.1.61-03 
2.400+07 2.8£6-04 1.1 }1.+00 3.'194-03 6.164+00 1.136-01 7.416-00 10 751-07 .. 975-04 2.457-06 3.791-03 6.'187-05 4.56 1 -03 ~ 
2.600·07 2.425 -01. 1.065+00 3.665-03 6.381+00 1.19<;--01 7.570+00 1.&92-07 6.551-04 2.254 -06 ?975-03 7.375-05 4.656-03 Z 
2.800+07 2.091-04 1.005+00 3.386-03 6.l1l0+ll0 1.256-01 7.714+00 ' .2e6-07 ~.182-04 2.083-06 4.047-03 7.725 -0 5 4.74S-03 C 
30000+07 1.822-04 0;.513-1)1 3.147-0? 6. i63+00 1.J10-01 7.849+00 1.121-07 ;.eSl-04 1.936-06 4.160-0! 8.Q5E-1I5 4.1l21'-03 -e 
4.001)~O7 1.025-04 7.5S9-01 2.324-03 7.101>+00 1.533-01 8.418+00 6.305-08 ~.649-04 1.429-0t t.617-1l3 9.£29-05 5.177-03 

5.000'07 6.558-05 6.310-01 1.842-03 8.CS7.CO 10 703-01 8.860+00 t .034-QB 3 .881-P 4 1.133-0(, 4.956-03 1.047-04 5.450-03 < m 
6.000-07 4.554-05 5.4'7-01 1.526-03 8.l85+(lO 1. g 3 7 -01 <J.Z14+00 <.801-01l J.3£4-04 9.386-07 5.219-03 1.130-04 5.667-03 ::v 
P .000+07 2.561-05 4.2~8-01 1.135-03 9.11<J·OC 2. 1)40-01 9.753+00 1.575-08 ?637-04 6.981-07 5 .609-03 1.255-04 5.999-03 at 
1.000+08 1.639-05 3.5\9-01 9.039-04 <:>.~h9.00 2.188-01 1.014+01 10008-08 ?189-04 5.560-07 5.8~6-03 1.346-04 6.240-03 -e 
1.SQO+Cg 7.21'6-f16 2.534-01 5.988-01. 1.(29+01 2 •• 34-01 10079+01 1.481-09 1.559-04 3.683-~7 6.329-03 1.497-04 6.63S-03 

? .000'08 4.091'-06 1.9t7-01 4. &77-04 laC71+01 2.,89-01 10117+01 ,.521-09 1.222-04 2.754-07 6.587-03 1.592-04 6.1\69-03 

'.OeO·r.8 1.822 -06 1.£08- 01 2.'175-01- 1.121+01 2.77<)-01 1.163+01 10121-(19 ,10660-05 1.830-07 6.895-0:< 10 709-C4 1.153-G3 
L.~CD·O~ 1.025-06 1.H3-01 2.228-04 1015~+01 2.~93-01 1.19tH01 l.30S-10 0.784-05 1.!70-07 7.(J 73-03 1.779-04 7.319-03 

:: .OOQ·oe 6.558-07 90131-02 T.780-04 1.169+01 2.972-01 1.208+01 1.034-10 ; .616-05 1.095-07 7.19~-C)3 1.828-01. 7.4?9-03 
~ , :" en ... {l g 4.554-07 7.818-02 1.483-04 1.183'01 3.~30-1l1 1.221+01 ;.801-10 1.869-05 9.122-08 7.276-03 1.864-04 7.511-03 
EO ,QOC.J.O~ 2.562-07 6.106-07 1.111-04 1,;01+01 3.1H-01 1.Z38+01 1.57~-1 0 3a 756-05 6.834-08 7.31'7-(\3 1.913-04 7.611'-03 

1.00~''''O9 1.63Q -07 :. .023-02 8.8S5-r.S 1ot12+~1 3.163-01 1.249+01 10008-10 3.Q9CJ-05 5.465-08 7.455-03 1.945-01. 7.6'1C-03 
1.t;OOH)Q 7.286-08 3.548-C2 5.9;>0-05 1.,7"'01 3.143-01 1.265+01 ~.4"'-11 ~.158-05 3.641-08 7.559-03 1.'195-04 7.7~0-03 

2.000'0° L.098-08 2.715-02 4.438-/)5 1.,39+01 3.289-01 1.275+01 20521-11 1.670-05 2.730-01' 7.671-03 2.023-04 7.&40-03 

3.000+0" 1.8?2-C! 1.88B-P2 2.958-05 1.;;:/,«;+01 3. B9-01 1.284+01 1.1~1-11 1.161-05 1.819-0e 7 .61!?-O 3 <,.054-04 7.8<)9- 03 
•• 1l!)?>!)9 1.025-08 1.457-02 2.21S-05 1.,54+01 3.368-01 1.2S9+01 e.305-12 h96Z-06 1.364-118 70713-03 2.072-04 7.929-03 
5.0110+09 6.558-09 1.1 Q l-02 1.774-PS 1o,57+Cl 3.J86-01 1.292+Cl h034-1? r'326-06 1.091-08 7.7 7 2-03 2 .()83~O4 7.~47-03 

6.000+09 4.554-09 1.010-02 1.476-05 1.,00+01 :!.!99-01 1.295+01 ,.301-12 0.212-06 9.0<;1-09 7.750-0:- 2.C91-04 7.965-03 
~ .000+09 2 .5~2-09 7.7S4-~3 1.109-05 1.,63+01 3 •• 16-01 1.298+01 10576-12 1.7B8-116 6.821-09 7.7('8-03 2.101-04 7.9R~-03 

100~O+10 1.639-09 6.356-03 8.870-1)6 10265>01 3 •• 27-01 1.300+Gl 1,008-12 3.9~9-06 5.456-09 7.781-03 2.10S-C& 7.995-03 
1.500<10 7.2M-1"1\ 4.392-03 5.913-06 1.267+01 3 •• 41-01 1.302+01 l'4S1-13 10701-fJ6 3.637-0<) 7.193-03 2.116-04 8.0117-03 

2.00~+10 4.0~8-10 3.3'7-03 4.434-06 1.,69+01 3 •• 50-01 1.304+01 ,.521-13 2.077-06 2.727-09 7.805-03 2.122-04 'l.OZO-03 
3.0110+10 1.822-10 2.329-03 2.956-06 1.;70+01 3 •• 58-01 10305+01 10121-13 1.433-06 1.818-89 7.811-03 2.1?7-!)4 8.026-03 

4.000'10 1.025-10 1. n8-03 2.217-06 1,<71 4 01 3 •• 63-01 1.306+01 t.30S-14 1.100-06 1.364-09 7.818-03 2.130-04 1'.0,;>-03 

5.000+10 6.558-11 1.456-113 1.774- 06 1.272+01 3 •• 66-01 1.307~1)1 l.03&-14 30956-07 1.091-09 7.S24-03 2.132-04 8.038-03 
6.000<10 4.554-11 1.231-03 1.471\-06 1.272·01 3.·"8-~1 1.307+()1 ;.801-14 r.572-07 9.091-10 7.824-03 2.133-~4 11.038 -03 

1'.000"0 ?5t2-11 9.437-04 1010"-06 1.,72'01 :'I.no-01 1.307+01 10576-14 ; .804-07 6.1121-10 7.824-03 ?134-04 1I.031!-O~ 

1.000<11 1 .6~9-11 7.6 1 8-04 8.868-1.'7 1.,73+01 3. n2-0 1 10308+01 10008-14 1.??3-/17 5.455-11) 7.8~f'-03 2.136-04 8.044-03 



TABLE 6. Cro~s sections Ilnd mllSs attenuation coefficient,s for t.he individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
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44, RU, RUTHENIU~ ATOMIC WT. ~ 101.07 MSo/KG ,00059583 ~AR~S/ATOH MULTIPLY HSO/KG ~y 10 FOR CHSO/G 

PAtR PRO~UCTION PAIR PRODUCl'lOH 
SCATTER1NG SCATTER IKG 

PHOTON PHOTO- "UCLEAR ELECTRON TOTAL PHOTO- NUClFAR ElE"CTRON TOTU 

E "'EqG Y COHERENT I~COHER. ELEeTR Ie FIELD r I ElO COHERENT II/COHER, ELECTRIC FIELD FIELD 

EV B/ATOH Ell TOIO B/ATO," P/ATOI! B IA TOM S/ATOM MSOIKG MSO IKG "SOHG I'IS0/KG IISO/KG MSO/KG 
-a 

1.000+06 1.734-01 9.766+00 3.701-01 (.000 'J. 00 0 9.809+00 1.033-04 5.521-03 2.205-04 0.000 o.o~o 5.845-03 ~ 
1.022+06 1.661-01 9.16~+00 3.541-01 (.000 '),000 9.688+00 9.897-05 5.463-03 2.110 -r4 0.000 0.000 5.77~-03 :a 
1.250+06 1.113-01 S.294+00 2.389-01 1.412-02 ~.OOO 3.668+00 6.632-05 4.9&2-03 1.423-04 1.437-05 0.000 5016~-03 

1.~ 00+06 7.740-0'1 7.5&3+00 1.714-01 1.13S-~1 3.000 7.906,00 4.612-05 4.494-0;1 1.021-04 60781-05 o.ooe 4.71fl-03 -4 

2.00Q+06 &.361-02 6.441,00 1.0H-Ol l.a02-01 ) .000 6.989+00 Z.59f\-05 3.838-03 6.232-05 2.385-04 0.000 4.164-03 ::IIlI 
:;; 

2.044+06 4.176-02 6.362+00 1.010-01 l.28S-01 ).000 6.933+00 2.488-05 3·791-03 6.018-05 2.553-04 O.OO~ 4.Fl-03 ,.. 
3.()OO+06 1.940-02 5.071+00 5.584-02 .• 049+00 1.77&-03 6.197+00 1.156-05 3.021-03 3.327-05 6.250-04 1.057-06 3.692-03 m 
4.000+06 1.092-02 4.231+00 3.716-02 1.633'-~O 1.238-03 5.919+00 6.506-06 2.521-03 2.214-05 9.7:'I0-C4 4.313- 06 3.527-03 .:-t 
5.()00+06 6.990-03 3.654 + 00 2.757-02 ; .lAl.-no 1.441-02 5.844+00 4.165-01> 2.177-03 1.643-0S 1.Z76-()3 8.586-06 3.482-03 » 
6.000+06 4.855-03 3.230+00 2.1~2-02 ,.581+00 1.211-02 5.86O+eo Z .893-06 1. 0 25-03 1 .~00-05 h51S-0~ 1.317-05 3.40 1-03 

7.000+06 3.567-33 ;> .903+00 1.800-02 ;.975+00 1.9711-02 5.929+00 2.125-06 1.7'30-G3 1.072-05 1.773-03 1.774-05 3.533-03 Z 
8.000+06 2.731-03 2.642+00 1.530-02 30329-00 30721-02 6.026+00 1.627-06 1.574-03 9.116-06 1.984-03 2.217-05 3.591-03 0 

9.000006 2.158-03 2.429+00 1.329-02 3.650+00 1.432-02 6.139+00 10;>86-06 1.447-03 7.919-06 2.175-03 2.641-05 3.t5S-03 -4 

1.000+07 1.748-03 2.251+00 1.174-02 3.945+00 ;.108-02 6.261+00 1.042-06 1.341-03 6.995-06 2.351-03 3.043-05 3.73~-O3 0 
1.10C-07 1.445-03 2.099+00 10051-02 l.21~+OO ,.747-02 h3S3+~0 8.6111-07 1.251-03 6.2h2-06 7..511-03 3.424-05 3.803-03 -4 » 
1.200+07 1 .214-03 1.969+0C 9.509-03 t.4c4+00 6.350-02 6.507+00 7.233-07 1.173-03 5.666-06 2.660-03 3.784-05 3.877-03 ,.. 
1.300+07 1.D34-03 1.855+00 8.681-03 l.693+c)0 6.918-02 6.6?7+00 6.161-07 1.105-03 5.H2-06 2.796-03 4.122-05 3.941\-03 » 1.HO+07 R.~18-04 1.755+00 7.984-03 t.904_0C 7.45.-02 6.742+00 5.314-07 1.046-03 4.757-06 2.922-03 4.444-05 4.017-C3 

1.500+P7 7.769-04 1.666 +00 7.390-03 ~"OO+OO 7.971-02 6.854+00 4.629-07 9.927-04 4 .403-06 3.039-03 4.749-05 4.084-0~ -4 
0 

1.600+07 6.528-04 1.586 +OC 6.877-03 ~.283+00 8.457-02 6.961+00 4.068-07 9.45C-04 4.098-06 3.148-03 5.039-05 4.14~-0~ 
3: 1.900+07 5.395-04 1.450-00 6.038-03 ~.619'()O 9.358-02 7.16<1+00 3.214-lJ7 ~.640-04 3.598-()6 3.348-03 5.576-05 4.272-03 

2.000+07 4.370-04 1.337+00 5.380-03 ~.919+00 1.018-01 7.364+00 2.604-07 7.966-04 3.20(--06 3.527-03 6.066-05 4.3r7-03 n 
2.200+07 3.512-04 1.242+0n 4.R51-03 t.I92+00 1.093-01 7.549+00 2.152-07 7.40.0-04 2.690-06 3.689-0: 6.512-05 4.49~-G3 n 
2.HO+07 3.035-04 1.161+00 4.416-03 6.440+00 1.162-01 7.7z;?+00 1080S-1l7 6.918-04 2 .~31-M 3.837-03 6.924-05 4.601-03 :0 
2.600+07 2.586-04 1.090-00 4.053-03 6.667+00 1.226-01 7.8R4+00 1.541-07 6.495-04 2.415-06 3.972-03· 7.305-05 4.697-03 0 
2.800_07 2.230-04 1.028+00 3.745-03 t.874+0Q 1.2l\S-01 8.034+00 1.329-07 6.125-04 2.231-06 4.096-C?o 7.656-05 4.7P7-03 II' 

3.000+07 1.a2-04 9.734-01 3.480-03 7.065_00 1.340-01 8.176+00 1.157-07 5.800-04 2.073-06 4.210-03 7.'~4-05 4.872-03 II' 

4.000+07 1.093-04 7.735-01 2.570-03 7.840+00 1.568-01 8.773+00 6.512-0S 4.609-04 1.531-06 4.671-0'3 9.343-05 5.227-03 II' 
5.000+07 6.~92-05 6.457-01 2.037-03 1.414+00 1.741-01 9.236+00 " .1116-08 3.847-04 1.214-06 5.013-03 1.037-04 5.503-03 m 
6.00r_07 4.356-05 5.563-01 1.686-03 hS62+00 1.878-01 9.608+00 2.893-08 3.315-04 1.005-06 5.280-03 1.119-04 5.725-03 n 

-4 
8.000+07 2.731-05 4.3P-7-01 10; 2 5'5- 03 ~.522+00 2.085-01 10017-01 10627-0S 2.614-04 7.478-07 5.673-03 1.242-~4 6.060-03 0 
1.000+08 1.74S-05 3.642-01 9.991-04 9.992+00 2.236-01 10058+ 01 1.042-08 2.170-04 5.95:)-07 5.\154-03 1.332-04 6.~~4-03 

1.500+08 7.169-06 2.593-01 6.61S-04 1.074+01 2.487-01 1.125+01 4.629-09 1.545-04. 3.943-07 6.399-03 1.482-04 6.70?-03 Z 
~ 2.000+0~ 4.370-06 2.033-01 4.948-04 1.119+01 2.644-01 1.166+01 2.604-09 1.211-04 2.9H-07 6.667-03 1.·575-04 6.946-03 

II' 

.... 3.000+08 1.942-06 1.441-01 3.288-04 1.171+01 2.837-01 1.214+01 10157-09 8.586-05 10 95 9-07 6.977-1): 1.690-0~ 7.232-03 -n 

.... 4.00·0+08 1.~q2-06 1.1<~-01 2.462-04 1.21lHOl 2.953-01 1.242+01 (, .51)6-1\) 6.7<'7-05 1.467-f)7 7.1~6-03 1.759-(\4 7.39"-0~· 0 
'< :0 
l" 5.00~+08 6.,<12-07 9.343-02 1.968-0t. 10220+01 1.033-01 1.260+01 t. .166-10 5.567-05 1.173-'17 7.269-0" 1.R07-04 7.506-03 

n 6.000+0R 4.~56-07 8.000-02 1.639-04 10235.-01 300'11-01 1.274+01 2.1!93-10 4.767-05 9.766-Q8 7.35P-03 1.S~2-n4 7.590-03 ." 
.... ~.00~+O8 2.731-07 6.248-02 1.228-C4 1.253+01 !.171-01 1.291+01 10627-H 3.723-05 7 .~17-08 7.466-03 1.889-0& 7.692-03 ::c: 
~ 1.000+09 1.?&1\-07 5.140-02 9.819-05 1.266+01 30225-01 1.303+01 1.042-10 3.063-05 5.850-flO 7.5~3-0~ 1.922-04 7.766-03 9 

1.500+09 7.71>9-08 3.5'10-02 6.542-05 1.283+01 3.304-01 1.32()+OI 4.629-11 2.139-05 3.898-011 7.64~-03 1.9~9-04 7.&63-03 

'" 20000+0' 4.370-08 2.778-0<, 4,'05-05 1.293+01 5.350-01 1.329+01 2.604-11 1.655-05 2.<>23-0f 7.704-03 1.Q96-04 7.nO-03 0 
~ 3.0'0+09 1.9k2-0S 1.932-02 3.269-05 1031)3-01 3.3.9-01 1.339+01 1.157-11 1.151-05 1.948-0E 7.764-0'1 2.025-C4 7.9 78-03 :z: 

4.()00_O'l 1.)92-08 1.491-fl2 2.451-05 1.309+01 30428-01 1.345+01 8.884-06 1.460-011 7.799-03 2.043-~4 8.013-03 
II' 

C 6.506-12 
a 5.000+09 6.992-09 1.219-02 1.961-05 1.312+01 30446-01 1.348+01 4.166-12 7.263-06 1.168-(\8 7.817-0~ 2.053-04 A.030-03 
J 6.0t'0"09 4.856-09 1.034-02 1.634-05 1.315+01 h45B-01 1.351+01 2.893-12 6.161-06 9.736-09 7.835-0 ;I 2.060-04 ~ .047-0'3 

< e.000+09 2.731-09 7.965-03 1.225-(\5 1.~18.01 3.475-01 1.354+01 1.627-12 4.746-06 7.299-09 7.[>53-03 2.~71-04 8.065-03 

l!- 10000+10 1.7&8-09 6.503-03 9.802-06 1.320+01 3.486-01 1.356+01 10042-12 3.875-0~ 5.840-09 7.865-03 2.077-04 8.077-03 

1.500+10 7.769-10 4.494 -03 6.534-06 1.323.01 5.50~-01 1.358+01 1..629-13 2.678-06 3.~93-0Y 7.~83-03 2.085-04 8.0<14-03 

~ 2.000+10 4.570-10 3.455-03 4.901-06 1.324+01 !.50A-Ol 1.359+01 2.604-13 2.059-06 2.920-09 7 .SII9-0 3 2.090-04 8.HO-03· 

Z 3.000+10 1.91.2-11l 2.383-03 3.267-06 , .326_01 h516-01 1.361+01 1.157-D 1.420-06 1.947-09 7.901-03 2.095-04 e .11 ?- 0:3 

!' 4.0rO.-l0 1.092-10 1.~29-03 2.450-06 1.3;>7+01 3.521-01 1.362+01 6.506-1& 1.09C-06 1.41>0-09 7.907-03 2.C98-04 8.11S-03 

"" 
5.000+10 6.~92-11 1.490-03 1.960-06 10327_01 5.52&-01 1.362'+01 4.166-14 8.878-0 7 10 168-0<1 7.90 7-0~. 2.1UO-04 8.118-03 ..... . 6.0eO-l0 ".356-11 1.259-03 1.633-06 1.328-.01 50526-01 1.363+01 2 .893-1/. 7.501-0 7 9.730·10 7.913-03 20101-04 8.12~-03 0 

:.: 8.000010 2.131-11 9.656-04 1.2.25-06 1.328+01 5.528-01 1.363+01 10627-14 5.753-07 7.799-10 7.913-03 20102-04 8.12~-03 
~ 

CD 1.000+11 1.148-11 7.856-04 <1.801-07 1.328+01 1.530-01 1.363+01 10042-H 4.6111-07 5.840-10 7.913-03 2.103-04 8.123-03 
0 



~ TABLE 6. Cross sections and mass attenuation coefficient.'! for the individual and total photon atom interaction proce8'les, 1 MeV to 100 Gt1V, --0 
... Z=l to 10o-Continued GO ... GO 

~ ,., 45, RH, RHODIUM ATOMIC VI. = 102.9Q55 flSO/KG .00058520 8ARNS/ATOH 1ULTTPLY ~SO/KG py 10 FOR CMSO/G 

... • PAll! PRODUCTION PA If PRODUCTIoN 
3 

SCATTERING SCPTERING .. f'H~TON 'HOTQ- nl'CLEA R ELECTRON TOT At PHOTO- NUCl £IR ELECTRON TOHl 

~ E NERG Y COHERENT INCOHH. ELECTRIC F lfl 0 HELP. COHERENT !N(OHER. [L~CIRIC FlfU FIELD 

CI 
0 EV Q/ATOM B/AlOH ~/ATOM P/ATOM IlIA TO" a/ATOH '!SO/KG HSO/KG HSO /KG Hsone HSO/KG H sa IK G 
,if 

< 1.0tf+06 1.845-01 Q.475+0C /,,101-01 0.000 ~.OOG 1.007+01 1.080-0. 5.545-03 2.400-04 O. oo~ 0.000 5.~93-03 

!!- ' .C22+06 1.767-01 9.376+00 3.924-01 0.000 0.000 9.945+00 1.034-~' 5.487-03 2.296-04 0.000 O.ODO 5.820-03 

, .250~O6 1.185-01 8.4e2+~O 2.6&7-01 2.~59-r2 0.000 8.891~00 6.935-05 £.96£-03 1.549-04 1.498-05 0.000 5.20'-03 
,00 1.5(0+06 8.<39-02 7.714+00 1.P99-01 '.;>01.-01 0.000 8.107+00 4.821-0, 4.514-0:" 1.111-0£ 7.(}46-05 o .~OO 4.74£-03 

Z 2.0(0+06 £.642-02 6.588+00 1.159-01 •• 213-01 0.000 7.172+00 2.717-01 3.855-C3 6.782-05 2.465-04 0.000 4.197-03 

!' 2.0H+06 4.445-02 6.501+00 1.111'-01 .. 511-01 0.000 7 &114+00 2.601-0; 3.808-03 6.543-05 2.640-04 o.OOG 4.163-03 

!" 
3.0(e·Ob 2.066-02 5.186+00 6.179-02 '.10(1+00 1.814-03 6.370+00 1.2C9-01 3.035-03 3.616-05 6.437-04 1.062-06 3.728-03 

4.010+06 1.162-02 4.327+00 4.110-02 1.710+00 7.402-03 6.097+00 6.800-06 2.532-03 2.1.05-05 1.1)01-03 4.:n2-06 3.SI'>8-03 

~ 5.0(0+06 7.t.41-03 3.737+00 3.048-02 2.240+00 1.474-1l2 6.030+00 40354 -00 2.187-03 1. 7P &-05 1.311-03 8.626-06 3.52Q-03 

... 6.0{O+06 5.168-03 3.303+0r. 2.411-02 2.698+00 2.261-02 6.053+00 3.024-06 1.933-0'1 1.411-05 1.579-03 10323-C5 3.542-03 
0 7.0~O+06 3.797-03 2.969+00 10989-02 30 108+00 3.045-02 6.131+00 2.222-00 1.737-03 1.164-05 1a819-~3 1.7e2-05 3.S P 8-03 

8.0rO+06 2.907-03 2.702+00 1.690-02 1.477+00 3.605-02 6.237+00 1.701-06 1.S81-C3 9.890-06 2.0:"5-03 2.227-05 3.t~O-03 
J: 

9.0~0+06 2.297-03 2.484+00 104(;8 -02 5.812 +00 4.532-02 60358+00 1.3l.4-0b 10454-03 8.591-06 2.2:<1-03 2.652-05 3.721-03 

1.000+07 1.861-03 2.302+00 10296-02 .. 119+00 5.223-02· 6.4R8+00 1.089-00 1.347-03 ".S84-0f 2.410-!l3 3.057-05 3.797-03 c: 
lD 

1.110+07 1.53R-03 2.147+00 1.160-02 •• 401+01) 5.876-02 6.620+00 'i.\l00-07 1.256-63 6.788-66 2.575-03 3.439-05 3.SH-03 lD 
1.210+07 1.292-03 2.013+£>0 1.050-07 :'.66~+00 6.492-()2 6.750+00 7.5b1:"07 1.178-03 6.145-06 2.727-03 3.799;"~5 3.950-03 m 
1.'100+07 1.101-03 1.R97+00 9.583-03 •• 90()+OO 7.073-02 6.P.78+00 6 '443-07 1.110-C3 5.6t8-06 2.80-03 4.139-05 4.025-03 .... 
104~0+07 0.494-04 1.79S+CO 6.813-03 5.121+00 7.626-02 7.002+00 5.556-07 1.050-C3 5.157-610 2.997-03 4.463-05 4.09~-03 

r 
1.5~O+07 8.271-04 1.704+00 a.1St-03 ,.325.00 8.149-02 70119+00 4.840-07 9.972-04 4.773-06 3&11 ~-O3 4.769-05 4.166-03 ~ 
1.60~+07 7.269-04 1.622+00 7.59()-D3 ,.516+00 8.646-02 7.233+00 4.254-07 9.492-C4 4.442-06 3.22S-03 5.060-05 4.23,-03 i loBIO+()7 5.744-04 1.483+00 6.663-03 ) .866+00 II .566-02 7.452+00 3·361-07 8.679-04 3.899-06 3.433-03 5.598-05 4.361-03 

Z.010+07 4.652-04 1.367+00 S.937-n3 o.179+CO 1.040-01 7.656+00 2.722-07 8.000-04 3.474-06 3.611'>-03 6.0~6-05 b.4el-03 ~ 
2.200+07 3.845-04 1.270+110 5.353-03 >.464+00 1.117-01 7.115Hon 2.250-07 7.432-04 3.133-06 3.7P.3-03 6.537-05 4.595-03 

2.HO+07 3.231-04 1.1F7+QO 4.873-03 ·1.722+00 1.188-01 8.033+00 108'11-07 (, .946-04 2.852-06 3.9::&-O:t 6.952-05 4.7~1-03 ~ 
2.600+07 2.753-04 10115+00 '.472-03 •• 958+00 1.253-01 8.203+00 1.611-07 6.525-04 2.617-0<- 4.072-03 7.333-05 4.8~0-O3 Z 
2.~IO+07 :>.374-04 1.051+00 40131-03 7.174+00 1.313-01 t.361+00 1.389-07 6.150-04 2.417-06 4.198-0~ 7.684-n5 4.893-03 0 
3.000+1)7 2.068-04 '1.955-01 ~.839-03 7.373+00 1.369-01 8.509'00 1.?10-07 5 .87.6-04 2.247-06 4.315-u3 8.011-05 4.9·0-03 G 
4.010-07 "163-04 7.911-01 ,.835-03 ~.180+0C 1.602-01 9.134+00 6.S06-0B 4.630-04 1.65 "I-fl6 £.787-03 9.375-05 5.345-03 

5.0'lO+07 7.444-05 6.604-Cl (.246-03 a.778+00 1.778-01 9.619+00 4.356-08 ~.865-04 1.314-06 5 .137-0 ~ 1.040-04 5.629-03 < m 
6.MO+07 5.169-05 5.690-()1 1.8ell-0:' 9.245+00 1.919-01 1.001+01 3.025-08 3.330-04 1.088-06 5.410-03 1.123-04 5.857-03 lD 

~.0)Q+07 2.908-05 4.4~7-01 1,384-Q3 9.934+00 2.130-01 1.060+01 1.702-08 2.626-04 /;.099-07 5.813-03 1.246-04 6.201-03 lD 

1.0)0+OS 1.861-05 3.724-01 1.102-03 1.042.01 2.284-01 1.102+01 1.089-08 2.179-04 6.449-07 6.098-03 1.337-04 6.450-03 "$ 

1.5 )0+08 8.271-06 2.652-01 i.298-P4 1.120+01 2.540-01 1.172+01 4.840-09 10 S52-0~ 4.271-07 6.554-03 1.486-04 6.859-03 

'< .O'lCtOI'; 4.652-06 2.0S0-01 ~.4<;6-04 1.167+01 2.700-01 10215+01 2.722-09 1.217-04 3.1<;'3-07 6.82'1-03 1.580-Q4 7.10"-03 

3.QlO"08 2.068-06 1.47t.-01 3.626-04 1.221+01 2.896-01 1.265+ 01 ,,210-09 P .626-05 2.122-0'( 7.,45-03 1.69~-O4 7.401-03 

4.03C+08 1.163-06 1.154-01 2.715-04 1.252+01 3.014-01 1.2Q4+01 6.806-10 6.753-05 1.589-07 7.327-03 1.764-04 7.571-03 

5. OJ~+08 7.444-07 9.556-02 2.170-04 1.273+01 3.094-01 10314+01 4.356 -10 5.592-05 1.270-07 7.450-03 1.811-04 7 .6~7-03 

6·.0~O+C~ 5.1(,9-07 R.1112-02 ' .807-1)4 1.287+01 3.153-01 10327+01 3.025-10 4.788-05 1.057-07 7.53Z-0~ 1.845-04 7.764-03 

E1.nO(l+08 2.908-07 6 &390-02 1.354-04 1.307+01 3.235-01 1.346+01 10 702-10 3.73'1-05 7.92'-08 7.649-0,\ 1.893-04 7.875-03 

1.000+0- 1.R61-07 5.257-02 1.083-V4 1.31'1+01 3.289-01 1.357+01 1.089-10 3.076-05 6.338-06 7.719-03 1 .92 5-~4 7.942-03 

1.5)0+&9 R.271-0a 3.671-02 1.213-05 1.336+01 3.370-01 10375+01 4.B40-11 2.148-05 4.221-00 7.830-03 1.972-~4 R.049-03 

2.0GO+0'" 4 .652-08 2.842-112 5.408-95 1.34P+Ol 3.415-01 10385+01 2.722-11 1.663-05 3.165-08 7.8rll-03 1.99a-~4 8.105-03 

3.000+0'1 2.06~-0~ 1.Q76-0? 3.604-05 1.358+01 3.465-01 1.3'15+01 1.210-11 1.156-05 Z.109-Qa 7.947-03 2.028-04 R.161-03 

4.000H19 1.163-0! 1.575-02 2.703-05 1.3(.4+01 3.494-01 1.400+01 6.806-12 8.924-06 1.~82-08 7.98;>-03 2.045-04 P.196-03 

5.000+09 7.444-09 1.247-02 10162-05 1.368+01 3.512-01 1.404+01 40356-12 7.;>97-06 1.265-08 8.006-0! 2.055-~4 8.211'-03 

6.000+09 5.169-09 1.057-02 .• 802-05 1.371+01 3.525-01 1.407+01 3.025 -12 6.1~6-06 1.055-08 8.0?3-0 3 2.063-04 8.236-03 

8.000+0'1 2.908-09 8.146-03 '.351-05 1.374 +01 3.541-01 1.410+01 1.702-12 4.767-06 7.906-'19 8.041-03 2.072-04 ~.253-0! 

1.000+10 1.861-09 6.651-03 '.0~1-05 1.376+01 3.552-01 1.412+01 1.089-1:> 3.P92-06 6.~26-l!9 8.052-03 2.079-04 8.264-03 

1.,00+10 l10271-10 4.597-03 70205-06 1.379+01 3.566-01 1.415+01 4.840-13 ;>.690-06 4.216-0" B.070-03 2.0F7-04 8.281-03 

2.000+10 4.652-10 3.534-03 5.403-06 1.380·01 3.575-01 10416+01 2.722-13 2.068-06 3.162-09 8.076-03 2.092-04 ~.287-03 

3.000+10 2.068-10 2.437-0!. 30602-06 1.382·01 3.583-01 1.411l+01 1.210-13 1.426-06 2.10B-~9 8.0117-03 2 ~097-04 S.2Q9-03 

4.000+10 1.163-10 1.871-03 1.702-06 1.383+01 3.588-01 1.419+01 6.806-14 1.()95-06 1.581-0'1 8.093-03 2.100-04 8.304-03 

5.000+10 7.444-11 10524-03 Z.161-06 1.383+01 3.591-01 1.419+01 4.356-14 1:'.918-07 1.265-09 8.093-03 2.101-04 8.304-03 
6.POO+10 5.169-11 1.288-03 '.801-06 1.31'4+01 3.593-01 1.420+01 3.025-14 7.S37-07 1.054-09 8.099-03 2.103-04 8.310-03 

~.OOO'1 0 2.908-11 9.876-04 '.351-06 1 .• 384+01 3.'i95-01 1.420+01 10702-14 5.779-07 7.906-1C 8.099-03 ;> .104-04 8.310-03 
10000+11 1.861-11 8.035-04 '.081-06 1.385+ 01 3.597-01 10421 +!l1 10089-14 4.102-07 6.3;>6-11) 8.105-03 2.105-04 8.316-03 



TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom int-eTlletion p~ 1 MeV 10 100 Ge •• 
Z =1 to 10~ntinued 

46. PO. PALLADIUH ATOHIC Uf. = 106d2 HSO/KG .000565!8 BAR~S/ITOM MULTIPLY MSOIKG BY la'FOR CMSO/r. 

PAIR PRODUCTION P AIR PRODUCTION 
SCATTt:RI HG ' SCHTERING 

PHOTON Pf.tQTO- NUClEIR elECTRON TOTAL PHOTO- NUCLEAR ELECTRoN ToTAL 
E NfRGY CtHERENT INCOHER. ELECTR IC F IELC FIELD COHERE~H INCOflH. elECTRIC FIEtD F IELO 

EV BIATOM BIATOM B/AlOH S/ATOH -Il/ATO'! elATOH !'ISO/KG !'ISO/I<~ ~SO/KG HSO/kG "SOIKG HSOfKG 

1.00r.-n6 1.962 -01 9.6115+0(\ ,.534-01 0.00l' O.ODO 1.033-01 1.110-0' 5.&81-03' 2.566-04 0.000 0.000 ~.81.3-03 
." 
"~ 

1.f.22+06 1.879-01 9.583+00 4.338-01 0.000 0.000 1.020+01 1.063 -0' 5.423-03 2.455-04 0.000 0.000 5.77;-03 jG 1.250+06 1.260-01 8.670+01) 2.927-01 2.113-02 0.000 9.116+00 7.130-0, 4.906-(3 1.656-04 105~5-05 0.00/1 5.158-03 
1.500+06 F.7M-02 7.88S·«lO 2.099-01 10272-01 0.000 11.310+00 4.958-~) &.462-[3 1.1B8-04 7.1 0 8-05 0.000 4.701-03 .... 
2.000+06 4.937-02 6.734+00 1.280-01 4.433-01 0.000 7.355+00 2.794-05 3.811-C3 7.;>43-0~ 2.5{}0-04 0.4100 6 .16~-03 :lei 
2.044+06 4.727-02 6.651+00 1.235-01 4.745-01 0.000 7.296+00 2.675-05 3.761.-0 6.989-05 2.6!.l5-04 0.000 l. .1;>9-03 :;; 
3.000+06 ;>.197-02 5.301+00 6.822-02 1.153+00 1.854-03 6.546+00 1.243-0) :S.OOO-{3 3.860-05 6.525-04 1.049-06 3.704-03 ,... 
4.000+06 1.236-02 4.423+00 4.535-02 1.7B9+00 7.565-03 6.277+00 6 .994-0~ 2 .503-[~ 2.566-05 1.012-03 4.281-06 3 .55 ~-,O3 m .... 
5.000+06 7.914-03 3.!!20+00 3.362-02 2.341+00 1.506-Q2 6.218+00 4.478-0.1 2.1/,2-{3 1.90Z-Il5 1.325-03 8.522-06 3.SH-03 ~ 

t.00O+06 5.497-03 3.377+00 2.658-02 2.818+00 2.311-02 6.250+(/0 3.111-00 1.911-(3 10504-05 10595-03 1.308-1)5 3.5;7-03 ~ 
7.000+06 4.03'-03 3.035 +CO 2.192-02 3.245+0C 3.113-02 6.337+00 2.2l!6-VO 1.717-[3 1.240-05 1.8:':(.-0'3 1.762-()S 3.51'0-0:3 Z 
8.000+06 3.092-03 2.762+00 1.863-02 3.629+00 3.8119-02 6.452+00 1.750-01 1.S63-Cl 10054-05 2.0S4-03 2.201-05 3.651-03 C 
9,ODO+Of> 2.1.43-03 2.539+00 1.617-02 3.977+00 4.63;>-02 6.581+00 1.:>82-06 1.437-C3 ?150-06 ,.250-03 20621-05 3. n4-{)3 
1.000+07 1.97'1-03 2.353+00 1.428-n2 4.2~6+00 5.337-02 6.719+00 1.120-0b 1.332-03 8.081-06 2.431-03 3.020-05 3.80~-03 .... 
1.100+07 1.636-03 2.195+00 1.278-02 4.590+00 6.005-02 6.859+00 9.258-01 1.242-£3 7.232-06 2.S97-C3 3.39b-05 3.8~?-03 0 .... 
1.200+07 1.374-03 2.058+00 1.156-02 4.81\O+VC 6.634-02 6.997+00 7.775-Dr 1.165-(3 6.542-06 2.75{)-03 3.754-05 :! .96')-03 ~ 
1.300+07 1.171-03 1.939+00 1.056-02 5.111+00 7.228-02 7.134+00 6.626-07 1.097-03 5.976-06 2.1192-03 4. 09t'-0 5 4.037-03 ,... 
1,400+07 1.010-03 1.834+00 9.707-03 5.3&1+00 7.792-02 7.264+00 5.715-01 1.038-(3 5.493-06 3.022-03 1 .. 409-05 4.11)-P3 

~ 
1.500+07 8,796-04 1.742+00 8.983-03 5.554+0r. B .326-02 7.389+00 &.977-0r 9.858-G4 5.083-06 3.143-03 4.711-05 4.181-03 .... 
1.600·07 7.731-04 1.658+00 8.359-03 5.753+00 8.834-02 7.508+00 4.375-01 9.382-04 40 730-0t "50255-03 4.999-{\S 4.249-03 0 
1.S00+07 6.109-04 1.516+00 7.337-03 6.117+00 9.774-02 7.739+00 3.457-1)7 8.579-04 4.152-06 3.461-03 5.531-05 4.379-03 ~ 
2.000+07 4.948-04 1.398+0& 6.537-03 6.443+1J0 1.063-01 7.954+00 20800-0r 7.<;11-[4 3.699-06 3.646-1J3 6.015-05 4.501-03 n 2.21]0+07 & .08'1-0& 1.298+00 S.P94-03 t.739+00 1.141-01 8.157+00 2.314-0r 7.3&5-M 3.335-06 :>;.813-03 6.457-05 4.610-03 
7..400+07 3.£36-04 1.213+00 5.365-03 7.008+00 1.213-01 8.348+00 1.944-01 6.864-M 3.036-06 3.966-03 to864-05 4.ni-03 n 
2.600+07 2.928-04 10139+00 4.923-03 7.253+00 1.280-01 8.525+00 1.657-01 6.445-04 2.786-06 4.104-03 7.2&3-05 4.82.-03 :lei 
2.800+07 2.525-01. 1.075+/10 4.548-03 7.477+00 1.341-01 8.691+1)0 1.429-0r 6.083-04 2.57&-06 4.Z31-0! 7.Sf'8-(\S 4.918 -03 0 
3.000+07 2.199-04 1.018+00 4.226-U3 1.684+00 1.399-01 1l.846+00 1.244-01 5.761-0£ 2.391-06 4.341l-03 7.917-1)5 5.001--03 III 

4.000+07 f .237-04 8.087-0f 3.120-03 1l.52S+00 10636-01 9.501+00 7.000-03 4.576-(4 10766-06 4.8:>'-03 <,..258-05 5.371>-03 
III 

5.000+07 7.917-05 6,750-01 2.472-03 9.148>00 1.816-01 10001+01 4.4!'10-0S :'I.82(1-{4 1.399-1)6 5.177-03 10028-04 5.663-03 CIt 

6.01l0+07 5.498-05 5.816-01 2.047-03 9.634+00 1.959-01 1.041+01 3.111-03 3.291-[4 10 158-06 5.452-03 1.109-04 5.893-03 "' n 
8.000+07 3.093-05 4.587-01 1.523-03 1.035+01 2.175-01 1.103·01 1075\1-03 2.596-04 8.618-P7 5.857-03 1.231-04 6. ;?41-03 .... 
1.000+08 1.979-05 3.807-01 1.212-03 1.0P6+01 2.332-01 1.148.01 10120-03 2 .154-~4 6.858-07 6.U5-()3 1.~20-04 6 .49~-03 S ... 1.500+08 8.196-06 2.711-01 8.031-04 1.167+01 2.592-01 1.220+01 4.971-0Y 1.534-04 4.545-07 6.604-03 1.467-~4 6.90.-03 Z 
2.000>08 4.948-06 2,126-01 ('.003-04 1.215+01 2.754-01 1.264+01 2.800-09 1.203-04 30391-07 6.875-0~ 1.558-04 7.15?-03 III ... 3.000>08 2.199-06 1.507-01 3.989-04 1.272+01 2.953-01 1.317+01 1.244-09 8.528-05 2.257-07 7.198-0~ 1.671-04 7.4~I-03 

." :r 4.000+08 1.;137-06 1.li!0-01 2.987-0& 1.304+01 3.072 -01 1.347+01 7.000-1-1 b.677-C5 1.690-07 ,7.37<;-03 10 738-04 7.6?l-03 
~ 0 

s.00n+08 7.917-07 9.768-02 2.387-C4 1.3lS+01 3.153-01 1.366+01 4.480-1l 5.527-C5 1.351-1)7 7.498-03 1.784-04 7.n?-03 :lei 
n 6.000+08 5."98-07 8,363-02 1.988-0/. 1.341*01 3.213-01 1.382+01 3.111-1) 4.732-[5 1.125-07 7.588-0~ 1.81b-04 7.813-03 
:r 8.000+08 3.092-07 6.532-02 1.490-04 1.361->01 3.294 -01 1.400+(\1 1.750-1) 3.696-C5 8.432-08 7.702-03 1.864-04 7.925-03 ." 

~ 1.000+09 10979-07 5'.374-02 1.191-i}& 1.374.01 3.3U!-01 1.413"Q1 1.120-1-) 3.041-(5 6.740-08 7.775-03 1.895-04 7.99;-03 :c 
1.50"+09 !! .796-08 3.753-0:1 7.936-05 1.393+01 3.428-01 1.431 .. 01 1..977-11 2.124-(5 4.491-08 7.883-03 1.940-04 8.093-03 0 ... .... 

~ 2.000"0' & .948-08 2.905-02 5.956-05 1.404->01 3.£73-01 1.4&2+01 2.800-11 1.64£-05 3.367-~8 7.945-03 1.965-04 P.1S3-03 0 
3.000+09 2.199-08 2.020-02 3.966-05 1.415·01 3.522-01 1.452+01 1.244-11 1.143-05 2.2&4-08 8.0~7-03 1 .993-0~ 8.2H-()3 Z 

c 4.000+0«1 1.237-08 1.559-02 2.974 -05 1.421>01 3.551-01 1.458+01 7.000-tt 8.822-C6 1 .683-08 8.041-03 2.009-04 I' .251-03 CIt 
A 5.00C+09 7.917-09 1.275-02 2.379-05 1.425>01 3.569-01 1.462+01 4.480-H 7.215-06 1.346-08 8.064-03 2.026-04, ~.273-03 
~ 6.000+0"' 5.&98-0' 1.081-02 1.lIez-OS 1.427 ... 01 3.581-01 1.4610+01 3.111-11 6.117-C6 1.122-08 8.075-03 2.026-1)4 8.281-03 

~ 
8.000+09 3.09Z-09 8.327-03 1.486-05 1.431 .. 01 3.597-01 1.468+01 1.750-11 4.712-06 8.409-09 8.0ge-O~ 2.035-04 S.30S-03 
1.000+10 1.979-0. 6.799-03 1.189-t5 1.433 ... 01 3.608-01 1.470+01 1.120-11 3.847-C6 6.728-09 8.H9-03 2.0£ i!-04 8.317-03 

00 1.500+10 8.196-10 4.699-03 7.927-06 1.43~·01 3.622-01 1.473+01 4.977-13 2.659-06 4.486-09 8.126-03 2.050-(14 ".3';-O~ . 
2.000+111 4 .948-1 0 3.612-1J3 5.945-06 f.437.01 3.630-01 1.474+01 2.800-1) 2.044-r6 3.364-09 8.1~2-03 2.054-04 8 03~9-03 

Z 3.0CO+10 2.19'1-10 2.491-03 3.963-06 1.439+01 3.638-01 1.476+01 1.244-1; 1.&10-06 2.243-09 8.143-0:! 2.0S9-04 1'.35)-03 
!' 4.000+10 1.237-10 1.913-03 2.972-06 1.440 .. 01 3.643-01 1.477+01 7.000-1' 1.083-C6 1.682-09 8.1&9-03 2.061-04 ~.356-03 

!' 5.COO+10 7.917-11 1.558-03 2.378-06 1.44H01 3.646-1)1 1.&78+01 4.£80-1l 8.816-07 1.346,..09 8.154-03 2.063-1'4 8.361-03 - 6.000+10 5.198-11 1.317-03 1.982-06 1.44 H 01 3.647-01 1.&78+01 3.111-1' 7.453-07 1.122-09 8.1510-03 2.064-(\4 8.3f 1-03 -00 8.000+10 3.092-11 1,010-03 1.4B6-0f> 1.£41+1i1 3.64q-()1 1.1.78+(\1 h7S()-1i 5.715-07 8.409-10 8.151.-11'1 2.065-04 8.361-03 0 
CD 1.000+11 1 .~79-11 8.213-01. 1.189-06 1.442 .. 01 3.651-01 1.£79+01 1.120-1> 4.648-07 6.128-10 8.160-03 2.066-04 a.36 7-03 at 
0 ..0 
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n 47, AG, SIlYE~ ATOMIC H. ~ 107.868 MSOIKG .00055828 RARNSIATOH MULTIPLY MSOIYG BY 10 FOR C"SO/e ,.. 
~ PAIR PRODUCTION P nR PRODUCT I ~N 

'"' SCATTERING SCATTERING 

~ P~OTON PHO TO- NUCLEH E LEC TRON TOQL PHOTO- "VClEAR ELEC1'ON TOTAl 

C 
ENE%Y COHERENT lNCOHE R. [LECTIIle FIELD FIE LD COI1ERENT I NCOHER • ELECTRIC FIELD FIELO 

a 
jr EV B/ATOM B IA TO It B IATOH UHO" BlArOH B IA TOM MSO/KG HSOIKG /lSO/KG MSOIKG HSQ/KG Hsn/KG 

< 1.CCC·06 2.085-01 9.894+00 5.000-Vl O.COO r.ooo 1.060+01 1.164-01 5.524-03 2.791-~' 0.000 C.OOO 5.919-03 
~ 1.C22'06 1.997-01 9.790+00 4.784-01 D.CVO 0.000 1.047+01 1.115-01 5.466-03 2.671-04 C.OnO 0.000 5.844-03 
.'4 1.250+06 1.339-01 8.857.00 3.228-01 2.872-02 0.000 9.342.00 7.475-05 1..945-03 1 .802-~4 1.603-05 0.000 5.216-03 

Z 
1.~00+06 9.312-02 8.056+00 2.314-01 1.344-01 0.000 8.515+00 5.199-05 ,.497-03 1.292-D4 7.503-05 0.000 4.751.-03 

!' 2. r. 00.0-6 5.2~ 7-02 6. Be 0 + 00 1.411-&1 4.660-01 0.000 7.540+00 2.929-05 3.841-03 7.877-~5 2.602-04 0.000 4.209-03 
2. C 4 4+06 ~.024-02 6.795+00 1.361-01 4.987-01 0.000 7.480+00 2.805-05 3.794-03 7.5,?8-~5 2.784-04 O.~ 00 40176-03 

!' 3.~OO+06 2.335-02 5.416+00 7.512-02 1.2V7+QC 1.895-03 6.723+ 00 1.304-05 :3 .024-0 3 4.194-05 6.738-04 1.058-06 3.751. -03 
4 .~00+06 1 .3H-0 2 4.51'1+00 4.991-02 1.~69+00 7.729-03 6.459+00 7.336-00 2.523-03 2. 786-'J 5 1.043-03 4.315-Q6 3.606-03 

'4 5 .COO+O 6 8.412-03 3.903+00 3.699-02 2.444+00 1.539-02 6.408.00 4.696-06 2.179-03 2.065-05 1.364-03 ~.S92-06 ~.577-03 ... 
0 hGOO'06 5.843-03 3.450+00 2.924-02 2.941+00 2.361-02 6.450+00 3.262-00 1.926-03 1.632-05 1.642-03 1.318- n S 3.601-03 

7. CO 0+ 0 6 4.293-03 3.101+00 2.411-02 3.384+00 3.180-02 6.545+00 2.397-06 1.131-03 1.31.6-05 10889-03 1.775-05 3.654-03 
e .0~~+O6 3.281-03 Z.822+00 2.048-02 3.783+00 3.973-02 6.668+00 1.835-06 1.515-03 1.1I.3-~5 2.112-03 2.21/;-05 ~.7?3-03 ::r 9.(00+06 2.597-03 2.5 9 5+00 1.778-02 4.146+00 4.731-02 6.809+00 1.450-00 1.449-03 9.926-Q6 2.31 ~-O:< 2.641-05 3.801-03 
1.!on+07 ?.104-03 2.404+00 1.570-02 4.478+00 5.452-02 6.954+00 1.175-06 1.342-03 8.765-~1I 2.50~-0~ 3.044-05 3.BR2-0~ c: m 
1.100+07 1.739-03 2.242.00 1.405-02 4.71l3+00 (, .134-02 1.102+00 9.70f-n7 1.252-03 7.81.4-~6 2.670-03 3.424-05 3.965-03 ICI' 
1o,C~+07 1.461-03 2.103+00 1.271-02 5.064'00 6.176-02 1.249+00 8.156-01 1.1H-03 I.C96-06 2.827-03 3.783-05 4.047-03 rn 
1.~00+07 1.245-03 10981+00 1.160-C2 50324+00 7.382-02 7.392+00 6.951-,17 1.106-03 6.476-~6 2.972-03 4.121-05 4.127-03 ... 
1.400+07 1.1173-03 1.P.74+00 1.066-02 5.564+00 7.959-02 7.529.00 5.990-07 1.046-03 5.951-06 3.106-03 4.443-05 4.203-03 r 
1.500+07 9.350-04 1.179+00 9.869-03 5.785+00 B.504-02 1.660+00 5.220-07 9.932-04 5.510-06 3.2~O-03 4.748-~S 4.276-03 Q 
1.600+07 e.218-04 1.6 0 5+0C o.1IlZ-03 5.993+00 9.C22-02 7.le8+00 4.SB8-C7 0.463-04 5.126-,)6 ~ .346-03 5.037-~5 4.348-03 i 1.FOO+O 7 6.4'73-04 10 549+00 8.060-03 60373.00 9.982-02 8.031+00 3.625-07 8.648-04 4 .500-~6 3.558-03 5.573-05 4.4!'3-03 
2.0~O+07 5.260-04 1.428+00 7.180-03 6.712+00 1.086-01 8.256+00 2.937-01 7.972-04 4.008-06 3.747-03 6.063-~S 4.60°-03 ~ 
2.200+07 4.347-04 10321+00 6.473-03 7.020+00 1.165-01 8.470+00 2.427-07 1.40,8-04 3.614-')6 3.91 0-03 f.504-o5 4.77.9-03 
Z.400+07 3.653-04 1.240tOV 5.892-03 7.300+00 1.23<1-01 8.610+00 2.039-07 6.923-04 3.289-06 4.075-(\3 6.917-05 4.840-03 >-
2.~aO+07 ~.112-04 1.164 +00 5.,o6-03 7.555'00 10307-01 8.855.00 1.737-07 6 .498-0~ 3·018-06 4." 1 ~ -0 3 7.297-05 4.944-03 :z 
2.800+07 2.684-04 10098+00 4.994-03 7.7RP.~00 1.369-01 9.02~+00 10498-07 6.130-04 7. .1118-06 4.348-03 7.643-05 s.r40-03 0 
3.~00+07 2.338-04 1.040.00 4.640-03 f.004.00 1.428-(11 9.192+00 1.305-07 5 .1l06-0~ 2 .590-~6 4.1.68-03 7.972-05 5.132-03 

'& 4.~rO+07 1.315-04 8.263-01 3.425-03 p..e78~00 1.670-01 •• e75+00 7.~41-0$ 4.613-04 1.912-06 4.956-03 90323-05 5.513-03 
5.~OO+07 8.416-05 6.897-01 2.711.-03 9.526+00 1.851.-01 1.040+01 4.698-08 3.850-04 1.515-~~ 5.31P.-0~ 1.035-04 5.BOB-03 < rn 
6.CDO+07 5.R44-0S 5.943-01 2.247-03 1.003+01 2.000-01 1.083+01 3.263-08 3.318-04 1.254-01> 5.6CO-03 1.117-04 6.044-03 :=II 
e.COO+07 3.287-05 4a 681-0 1 1.612-03 1.018+01 2.219-01 1.147.01 1.835-01 2.617-04 9.3.34-0 7 6.018-03 1.239-C4 6.405-03 CIt 
1.00C+08 2.104-05 3.R90-01 1.331-03 1.131'Cl 2.379-01 1.194+01 1.175-0t 2.17?-O4 7.431-07 6.314-01 1.326-04 6.665-03 '& 
1.~VC+OR 9.350-06 2.770-01 8.811.-04 1.215+01 2.644-01 1.269+01 5.220-09 , .546-04 4.921-07 6.7~3-03 1.476-04 7.0P6-03 
2.~OO+0~ 5.259-06 2.172-01 6.589-04 1.265+01 2.809-01 10315+01 2.936-09 1.213-04 3.679-07 7.01'2-03 1.568-04 7.341-03 
3.000+08 2.338-06 1.53<]-01 4.376-04 1.324+01 3.012-(}1 1.370+01 1.305-09 8.592-05 2.41.4-07 7.397-03 1.682-04 7.646-03 
4.COO+08 1.315-06 1.206-01 3.218-04 1.357+01 3.133-01 1.400.01 7.341-tC 6.733-05 1.830-07 7.576-03 1.749-04 7.818-03 
5.~00+08 8.415-07 9.980-02 2.62n-04 1.319+01 3.215-01 1.421+01 4.698-10 5.572-05 1.463-,)7 7.699-03 1.795-04 7.934-03 
6.COO+08 5.8'4-07 8.545-0Z ?IP2-04 1.395+01 3.276-01 1.436·01 3.263-10 4 .170-05 1.218-07 7.788-03 1.829-04 8.019-03 
edOO+08 3.287-01 6.1014-02 1.635-04 1.416.01 3.359-01 1.456+01 10835-10 3.126-05 9.128-0~ 7.905-03 10875-04 l' .130-03 
1.COO+09 2.104-07 5.491-02 1.307-04 1.430+01 3.415-01 10470+01 10175-10 3.066-05 7.291-~E 7."1'3-03 1.9C;-04 8.205-Q3 
1.~00+09 9.350-08 3.1l~5 -02 8.110-05 1.4,0·01 3.497-()1 1.489+01 5.220-11 2.141-05 4.863-03 8.095-03 1.952-04 1'.317.-03 
? .COO·09 5.259-08 2.968-02 6.530-05 1.460+01 3.543-01 1.498+01 2.936-11 1.657-05 3.6'6-C8 8.151-03 1.978-04 8.365-03 
3.GOOt09 2.338-08 2.064-02 ~.352-05 1.472+01 3.594-01 1.510+01 1.305-11 1.152-05 2.430-08 8.218-03 2.006-04 8.430-03 
4.~0~·09 1.315-08 1.593-02 3.264-05 1.418+01 3.623-01 1.516+01 1.341-12 R.893-06 1.822-08 8.2~1-03 2.023-04 8.463-03 
5.000+09 8.415-09 1.30i!-O? ?611-05 1 .4B2+01 3.641-01 1.520+01 ,.698-12 7.?69-06 1. 458-~b a.214-0~ 2.033-04 8.484-03 
6.COO+09 5.844-09 1.104-02 2.175-05 1.485+01 3.654-01 1.523+01 3.263-12 6.163-06 1.214-08 8.290-03 2.040-04 ~.501-03 

8.ClIO+09 3.2~7-09 8.508-03 1.631-05 1.488.01 3.671-01 1.526+01 10835-12 /, .150-06 9.1(16-010 8.3C7-03 2.01.9-04 8.517-03 
I.COO+l0 ~.104-09 6.947-03 1.305-05 1.491+01 3.682-01 1.529+01 1.175-11 3.878-06 7.286-,)9 8.324-03 2.056-04 8.533-03 
1.~00+10 9.350-10 4.801-03 8.700-06 1.494+01 3.696-01 1.531+01 5.220-1} 2.680-06 4.857-09 8.341-03 2.063-04 8.550-03 
2.!OO+10 5.259-10 3.691-03 6.521.-06 1.496'01 3.705-(11 1.533+01 2.936-13 Z .061-06 3.642-09 8.352-03 2.068-04 8.561-03 
3.£'00+10 2.338-10 2.545-03 4.349-06 1.497+01 3.713-01 1.534+01 1.305-13 1.421-06 2.428-09 8.351-03 2.013-04 R.566-03 
4.000+10 1.315-10 1.954-03 3.262-06 1.498·01 3.715-01 10 535+01 7.341-,. 1.091-06 1.821-')'i 8.363-0.3 2.076-04 8.512-03 
5.('00+10 8.415-11 10591-03 2.610-06 1.499+01 3.721-01 1.536+01 4.698 -14 8.882-07 1.457-0<; 8~369-03 2.017-04 8.571-03 
6.aOO+l0 5.844-11 1.34S-G3 2.175-06 1.1,99'01 3.723-01 10 5 36 + 0 1 3.263-14 7.509-01 1 .214-~9 8.369-03 2.07B-04 P.577-0:5 
8.~(i0+l0 3.287-11 1.031-Q3 1.631-06 1.500'01 3.725-(11 1.537+01 1.1!35-H 5.756-07 9.1D6-10 8.374-03 2.080-04 8.583-03 

1.aOO+ll 2.104-11 8.392-04 1.305-06 1.5~0+01 3.727-01 1.537.01 1.175-11 1..685-07 7.286-10 8.374-03 2.081-04 p .511 3-03 
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48, CD, CADMIUM ~TOMtC ~T. = 112.41 IISO/K( .V~053572 RARPIS/ATOH MULTIPLY "SO/KG BY 10 FOR CMSO/G 

PArR PRO()UCTION PA It PRODU!:TlO'l 

SCATTERIN(' SC AlTEr> INC 
PHOTON PHOTO- NUCLEAR ELEe TRON ToTAL PHOTO- NUClE.R elECTRON TOTAl 

PIERCY COHERENT INCOHER. {LECTR IC rIft!) FIE LIl COHERENT INCOWEk. ELECTRIC fiElD FIELD 

EV B I ATOM B IATO,", S/ATOM !lOTOM ~ /A rOM R/HOM ,",SO/KG IISO/KG IISO IKG Msn/[(: HSO/KG IISO IKG 

1.00G+O·6 2.210-01 1.010+01 5.51)5-01 0.000 0.000 1.087+01 1.1114-04 5.411-03 2.949-C4 c.o~r· C.OOO 5.824-03 
." » 

1 .022+06 2.117-01 9.99/+0U 5.267-01 0.000 G.OOO 1.074+01 10134-04 5.356-03 2.822-04 Q.OOO 0.000 5.751-03 ?i 1.250+06 1.419-01 9.045+0V h553-01 3.638-02 0.006 9.573+0D 7.602-05 4.846-03 1.903-04 1.62R-O 5 0.000 5.128-03 

1.500+06 9.872-02 8.227+00 l.546-01 1.418-01 0.000 8.722+00 S.Z89-05 4.407-03 1.364-04 7.S97-05 0.000 4.67,-03 
-I 

? .O~0+06 5.564-02 7.026+00 1.552-01 4.894-01 0.00 " 7.726+00 2.981-05 3.764-03 8.314-05 2.6?2-04 C.DOC 4.139-03 :IIJ 

2.04H06 5.327-02 6.940+0(1 1.&98-01 5.236-01 0.000 7.667+00 2.854 -OS 3.718-03 8.025-05 2.805-04 0.000 4.1"7-03 :;; 
3.0rO+06 2.476-02 5.531000 t.?S9-02 1.263+00 1.935-03 6.903+00 10326-05 2.963-C3 4.425-0~ 6.766-04 1.037-06 3.{:913-03 ... 
4 .O~O+06 1.394-02 4.615tOO ,.484-02 1.952+00 7.893-03 6.644+00 7.468-06 2.47Z-03 2.938-{\S 1.046-03 4.228-06 3.S~q-03 m 

-I 

5.00000 (, 8.920-03 3.986+00 .. 062-02 2.550+00 1.571-02 ",.601+00 4.779-06 2 .13~ -03 2.176-05 1.366-03 8.416-06 3.536-03 -
6.000+06 6.195-03 3.523+00 ,.210-02 3.066+00 2.411-02 6.651+00 3.319-06 1.887-03 10 72 O-lIS 1.643-03 1.292-05 3.563-03 » 
7.000+06 4.552-03 3.167+06 2.646-02 3.526+00 3.247-02 6.756+00 2 .439-06 1.697-0" 1.4111-05 1.889-03 1.739-05 3.620-0:- Z 
~.OOOo06 ".4~5-03 2.882+00 Z.247-02 3.941+00 4.056-02 6.890+00 1.867-06 1.544-03 1.204-65 20111-03 2.173-05 3.691-03 C 
9.000+06 ,.754-03 2.650+00 '.951-02 4.317+00 4.831-02 7.038+00 1.475-06 1.420-03 1.045-65 2.313-03 2.58~-05 3.770-03 

-I 
1.000+07 2.231-03 2.455+00 -.723-02 4.662+00 5.56(,-02 7.19?+00 1.195-06 1.315-03 9.230-61> 2.498-03 2.982-05 3.E~3-03 0 
1.100+07 10844-03 2.290+00 -,541-02 4.979+00 6.262-02 7.349+00 9,879-07 1.227-('3 8.255-06 ?667-03 3.355-05 3.937-03 -I 
1.2~O+07 1.5/.9-03 2.148+0r '0394-02 5.272+0C (, .915-02 7.505tCO 8.298-07 1.151-0:- 7.460-66 2.8<4-63 3.7C6-C5 4.020-03 » 
1.300+07 1.~~0-03 2.023+GO ' .272-02 5.543+00 7.537-02 7.655+00 7.072-07 1.084-03 6.814-66 2.97P-03 4.038-05 4.101-03 r-

1.400+07 f .138-03 1.914+ro ; .170-02 5.792+00 8.125-02 7.600'00 6.097-07 1.0~5-c3 6 .2bB -Of_ :-:.103-03 4.353-05 4.179-03 » 
1.500+07 9.915-04 1.817+00 '.082-02 1>.023+00 8.681-0< 7.939+00 5.312-07 ~.734-04 5.797 -Ot· 3.n7-03 1..651-05 1,,25'-03 -I 
1.600007 8.714-04 1.731+00 '.007-02 5.238+00 9.210-02 8.072+00 4.661l-0.7 9.273-04 5.395-06 3.342-03 4.934-05 4.3?4-03 0 
1.800+07 6.E~5-04 1.582'00 S.838-C3 6.632+00 1.019-01 8.325+00 3.6a8-07 8.475-04 4.735-116 3.553-0·3 5.4S~-05 4.460-03 3: 
2.030+07 5.577-04 1.459+00 7.873-03 6.91'5+0r 1.108-01 8.563+00 2.988 -07 7.816-04 4.218-06 :.742-0, 5.936-~5 4.581'.-03 n 
;>.200007 4.609-04 1.355+00 7.097-03 7.305-00 10190-01 8.7"7+00 2.469-07 7.25.9-04 3.802-0t. ~.913-03 6.375-05 4.707-03 

2.4~O+O7 3.e73-04 1.266+00 t.459-03 7.596+00 1.264-01 8.995+00 2.015-01 6.782-04 3.460-06 4.069-03 6.772-05 4.B19-03 n 
2.6l0+07 3.3CO-04 1.1e9+00 ~ .927-03 7.861+00 1.334-01 9.190+00 1.768-07 6.370-04 3.175-66 4.211-03 7.147-05 4.9?3-03 :IIJ 

2.8~O+O7 2.8£6-C4 1.121+0C ~.4 75-03 8.103+00 1.398-01 9.370+00 1.525-07 6.005-04 2.933-06 4.341-03 7.4B9-0S 5.019-03 0 
3.(rCO+07 2.479-04 1.062+{)O ~.0~7-03 8.327000 1.1.57-01 '9.540+00 1.328-07 5.689-04 2.725-66 4.461-03 7.805-05 ~.111-()3 .." 

.." 
4.01C+07 1.394-04 8.438-61 ~.755-03 9.236+00 1.704-01 1.025+01 7. 46E -O~ 4.52~-O4 2.012-06 4.948-03 9.129-05 5.491-03 

5.0)0+07 8.924-05 7.0U-Ol ,.975-03 9.909'00 1.892-01 1.081+01 4.781-0B 3.774-04 1,594-66 5.308-03 1.01£-n 4 S. 7~9-03 .." 
m 

6.0~C+07 6.1"7-05 6.069-01 2.463-03 1.043+01 2.040-01 10124+01 3.32r.-OB 3.251-04 1.319-~6 5.5M-03 1.093-04 6.023-03 n 
8.0~O+O7 3.486-05 4.786-01 1.832-03 1.1?1+01 2.264-01 10192+01 1.868-0, 2.564 -04 9.814-07 6.005-03 1.213-04 6.384-03 .... 
"OJO+08 2.231-05 3.973-01 1.458-03 1.176+01 2.&27-01 1.24()+O1 1.19S-()B 20 128-04 7.1'11-07 6.300-03 1.300-C4 6.644-03 (5 

!- 105l0+(Hl 9.915-06 '2.829-01 9.659-C4 1.263+01 2.696-01 1.318+01 5.312-09 1.S16-C4 5.175-07 6.766-03 1.&4/,-°4 7.063-03 Z 

." 
2.0lC+OS 5.577-06 2.218-01 ;.220-C4 1.316+01 2.865-01 1.367+01 2.91'8-09 1.188-01. ~ .868 -0 i' 7.(;50-0'1 1.535-04 7.323-03 .." 

:r 3.000·08 2.479-06 1.572-01 ~.7"7-0A 1.376+01 3.071-01 1.422001 1.328-09 8 .422-0 ~ 2.570-07 7.372-03 1.645-04 7.6?1-03 
"'" 

~ 4.0)C+OI! 1.391.-06 1.231-01 3.592- 01. "1.11+01 3.194-01 10455+01 7.1.68-10 6.595-05 1.924-07 7.559-0:- 1.711-04 7.796-03 0 
5.000+08 8.921.-07 1.019-01 2.1!71-0l. 10434+01 3.279-01 1.477+01 I. .7 e 1-10 5.459-05 1.538-07 7.6P2-0~ 1.757-04 7.91~-03 '" n 6.0)0+08 6.197-07 8.727-02 ,.391-04 1.1.51+01 3.341-01 1.493+01 3.320-10 4.675-05 1.2f.l-07 7.773-03 1.790-04 7.999-03 

:r .. 1!.r.OO+08 3.486-07 6.816-02 1.791-04 1.£ 73+01 3.426-01 I.S14t01 1.868-10 3.60;1-05 9.595-111' 7.&91-03 1.f'35-C4 8.111-03 "V 

II ::z: 
1.0l0-09 2.231-07 5.607-0<' 1.432-04 1.487+01 3.482-01 1.527+01 1.195-10 3.004-05 7.672-68 7.9tli-03 1.865-04 8 .1R 3-03 0 

'" 1.5')0+09 9.915-08 3.916-02 ~.5A3-05 1.507+01 3.567-01 1.547+01 5.312-11 2.098-05 5.112-08 8.073-03 1.911-04 8.2P.5-03 

~ 
-I 

2.0~0009 5.577-08 3.0'11-02 7.155-05 1.519+01 3.615-01 1.558+01 2.988-11 1.624-05 3.833-0/'; 8.138-03 1.937-01. 8.31./!-03 0 
c 3.0)0+09 2.479-08 2.107-02 4.768-05 1.531+01 3.667-01 1.570+01 1.328-11 1.129-05 2.554-013 8.20?-03 1.964-04 R.I.I0-03 Z 
Q I. .0,)0+09 1.394 -08 1.627-02 ".576-05 1.537+01 3.697-01 1.576+01 7.1.68-12 8.716-06 1.916-08 8.234-03 1.981-01. 8.441-03 .." 

1 5.0 'JO+O 9 8.924-09 1.330-02 <.860-05 10541001 3.716-01 1.579+01 4.781-12 7.125-06 1.~32-08 e.255-03 1.991-04 1'1.46;>-03 

< 6.0H'+09 6.1<)7-09 1.128-02 <.383-05 10544+01 3.7?9-01 1.51'12+01 3.320-12 6.043-06 1.277-08 8.27;>-03 1.998-04 8.477-03 

~ 
8.010-09 3.486-09 6.689-03 1.78"-05 1.54~-Ol 3.747-01 1.586+01 10868-12 4.655-06 9.573-09 8.293-03 2.001-04 8.498-03 

1.Q)O+10 ?231-09 7.095-03 1.430-05 1.550+01 3.758-01 1.588+01 1.195-12 3.801-06 7 .661-09 8.304-03 2.013-04 8.509-03 

:0 1.5l0~10 9.915-10 4.903-03 S.532-~6 1 .553 +01 3.773-01 1.591+01 5.312-13 2.627-06 5.106-09 8.320-03 2.021-04 8.525-03 

Z 
7.0,)0_10 5.577-10 3.769--03 7.148-06 1.555+01 3.78:>-01 1.593+01 2.988-13 2.019-06 3.829-09 8.33()-0" 2.026-04 8.535-03 

!> 3.0~0+10 ".479-10 2 .1i0 0-03 4.765-06 1.557+01 3.790-01 1.595+01 1.328-13 1.393-06 2,553-09 8.341-03 Z.()30-04 8.51.6-03 

4.0,10+10 1.394-10 1.996-03 ~.574-()6 1.558+01 3.796-01 1.596+01 7.468-14 1.069-06 1.915-09 1'.347-03 2.034-1)4 1'1.551-03 

.~ 5.0'JO+10 8.924-11 1.625-03 ,.859-06 1.558+01 3.799-01 1.596+01 4.781-14 8.705-07 1.532-09 8.347-03 2.035-04 8.551-03 

:0 
6.0~0+10 6.197-11 1.374-03 2.383-0f. 1.5Sg+01 3.801-0-1 1.597+01 3.320-1\ 7.361-07 1.277-'09 8.352-03 2.036-0£ 1'1.556-03 

... 1\.0~O+10 3.4~6-11 1.053-03 1.787-06 1.559+01 3.803-01 1.597+01 1.868-H 5.641-07 9.573-10 8.352-03 2.037-04 8.556-03 0 

0 loC~O+11 2.231-11 8.57C-04 1.00-06 1.560+01 3.805-01 1.598+01 1.195-14 4.591-07 7.661-10 8.357-03 2.038-04 8.562-03 ~ 



!- TABLE 6. Cross sections and mass attenuation coefficients for the individual iLnd total photon atom interaction proces~es, 1 MeV to toO GaV, 
." 

0 ... Z=l to lOO----Continued -0 

~ 
N 

n 49, IN, INOIUH ATD"I!: VT. ~ 114.82 HSO/KC .00052,48 BARNS/A TOM '4IJL TIFLY foISO/KG BY 10 fOil CfoISOfG ... .. 
~ P~IR PRODUCTION PAIR PROOucTIQI/ 

'" scATHRING SC HTER HIG 

~ PHOTON PHOTO- NUCLEAR EL EC TRON TOTAL PH01O- NUCLEAR EL ECTI>ON TOTAL 

0 
fNfRG Y rOf/EIIENT INCOHER. HEtTR Ie FJELD F IfLO COf/EREQT IMeOIlER. ELECTRIC F IFlO tlElD 

a 
J EV anTOI! B IA Tal! R lATaH q fA T O'! S/ATOM B IATOM HSO/Kt HSO/KG "satrG MSO/KG M5011<G H~O/KG 

< 1.00U+06 2'340-01 10031~01 6.046-01 0.000 0.000 10115+01 1.Z27-M 5.407-03 3.171-04 0.000 0.0 O~ 5.81.7-03 
It 1.022+06 2.241-01 1.021-C1 5.7P.5-01 0.000 0.000 1.101'01 10175-04 5.355-03 3.034-0£ 0.000 o.oo~ 5.776-03 

~ 1.250+06 1.503-01 9.233+00 3.902-01 3.213-01 0.000 9.806'00 7.883-15 4.842-03 2.047-04 1.685-05 0.001' 5.14'-03 

Z 
1.50~+06 1.045-01 P0398+00 2.7'16-01 1.496-01 0.000 8.93Z·IHl 5.481-15 4.1.~5-03 1.466-04 7.BI.6-0S o .oot 4.68~-O3 

0 2.000+06 5.891-02 7.172.01) 1.704-01 5.137-01 0.000 7.915+00 3.090-65 3.762-0~ I' .93 7-05 2.694-&4 o .ooc 4.15'-00 
2.044+06 5.641-02 7.084.00 1.644-01 5.494-01 0.000 7.854+00 2.959-05 3.715-03 8.622-05 2.881-04 o.OOC 4.1H-03 

.A 3.00~+06 2.627-02 5.646+00 9.059-02 1.318+00 10 97 5-03 7.083'00 1.375-~S 2.961-03 4,751'05 6.913-04 1.03~-06 3.715-0;\ 

:0 
4.000+06 10476-02 4.71"00 6.012-02 2.036+00 8.057-03 6.830+00 7.741-'6 2.471-03 3.153-05 1.0611-00 4.2U-06 3.58~-03 

5.000+06 9.446-03 4.069+0Ct 4.452-02 2.657>00 1.604-02 6.7°6.00 4.954-U6 2.134-J3 2.335-05 1.394-03 8.413-06 3. 56~ -0 '! ... 6.000+06 6.561-03 3.597.00 3.517-02 3.193+00 2.461-07 6.856+00 3.441-~6 1.887-n 1.845-05 10675-03 '1.291-05 3.59&-03 0 
7.000+06 4.821-03 3.233+00 2.8"9-02 3.671+()0 3.314-02 6.97h{l0 2.529-0t 1.696-0 :5 1.520-05 1.925-03 1.73f-05 3.6'>6-03 
8.000+06 3.691-03 2.942 +00 2.461-02 4.101'00 4.140-02 7.113+(}0 10936-16 1.543-03 1.291-05 2.151-0:" 2.171-05 3.73~-O3 ::E 
9.000·06 2.916-03 2.705·00 2.136-02 4.492>00 4.930-02 7.271+00 1.529-.6 1.419-D3 1.120-(}s 2.35(:-0 :5 2.5Se-Os 'I.8B-03 c: 
1.00~+07 2.362-03 2.506+00 1.886-02 4.B49+CO ,5.681-02 7.433+00 1.239-06 1.314-03 S. 892-0 6 2.543-03 2.9S(-OS 1.89~-03 IJI 
1.100+07 1.952-03 2.33/'!+00 10687-(\2 5.179+00 6.~91-02 7.600.00 1.024-.6 1.226-03 !! .84S-06 ?716-li' 3.3~2-05 3.985-03 IJI 
1.200+07 1.641-03 2.192.00 1.526-02 S.4P.3.0Q 7.060-02 7.763+01) 8.607-07 1.1'iQ-03 B.004-06 "2.876-03 3.7!)~-{l5 4.07'-O~ m ... 
1.300+07 10398-03 2.06'i+0/l 1.392-02 5.765+00 7.691-02 7.922+00 7.332-t7 1.083-03 7.301-06 3.024-f)3 4.031-05 4.1<;5-03 r 
1.400+07 1.205-03 1.954'00 1.2P.0-02 6.024+0C 8.291-02 8.07S-on 6.320-07 1 .025-~ 3 6.713-06 '1.159-03 4.34E-05 4. ;>35-03 
1.500+07 1.050-03 1.855+00 1.184-02 6.264 '00 8.858-02 8.220~OO 5.507-07 9.72<;-04 6.210-06 3.285-0" 4.64t-05 4.311-03 C\ 
1.600+07 9.229-04 1.767+00 1.102-02 6.41!8+00 9.398-02 8.361+00 4.840-07 9.268-04 5.780-06 3.40:'-0:- 4.92~-C5 4.385-0:- j 
1.800+07 7.292-04 1.1"15+00 9.670-03 6.e97+GO 1.040-01 8.626+00 3.82~ -&7 8.470-0& 5.072-06 3.617-03 S.45~-{l5 4.524-03 
2.000+07 5.906-04 1.489+00 8.614-03 7.263+00 1.131-01 8.874+00 3.098-&7 7.809-H 4.51R-06 3.809-03 5.93,-05 4.65~-03 ~ 
2.200+07 4.881-04 1.383'00 7.764-03 7.595+~0 1.2H-Ol 9.1118+00 2.560-f7 7.254-04 ko072-06 3.983-03 6.36;-05 4.777-03 
2.400+07 4.102-04 1.292'00 7.066-03 7.896_00 1.290-01 9.324+00 2.151-&7 6.776-04 3.706-06 4.141-03 6.76t-05 4 .~90-03 ~ 
2.600+07 3.495-04 1.214+00 6.4~3-03 8.171+00 10360-01 9.528+00 1.833-&7 6.367-0& 3.400-06 4.2~6-C' 7.133-05 4.997-03 2 
2.800+07 3.014-04 1.145+00 5.98'<-03 e.423·GO 1, 4 26-01 9.717+00 1.581-.7 6.00S-0t. 3.141-06 4.418-03 7.47~-05 ').096-03 C 
3.000+07 2.62 5-04 1.084+00 5.564-03 6.656+00 10487-07 9.89S+0a 1.377-t7 5.685-D4 2.918-06 40540-0:> 7.79~-05 5.189-03 e 
4.000+07 1.477-04 8.614-01 £.106-03 '1.599'00 1073~-01 1.064+01 7.747-C8 4.518-l4 2.154-°6 ~.0'l4-03 9.11~-O5 5.5M-03 < 
5."OO+~7 9.450-05 7.190-01 3.253-03 1.U30+01 t .929-01 1.122+01 (, .9!>6-'8 :h771-04 1.706-06 5.402-0: 1.01<-04 5.882-03 

"' ~.000·07 6.563-05 6.195-01 2.693-~3 1.084+01 2.r81-01 1.167+01 3.442-.8 3.249-04 1.412-06 5.685-03 1.091-04 6.121 -03 '" 8.000+07 3.691-05 4.eB6-01 7..003-03 10165+01 20309-01 1.237"01 1.936-~a 2.563-04 1.051-f)6 6.11 f)-03 1.21i~l)4 6.489-03 01 

10000-08 2.363-05 4.0~5-01 1.595-03 1.222+01 2.474-01 1.287+01 1.239-~8 2.127-04 8.365-07 6.409-03 1.2'1,-04 6.752-03 -e 
1.5~0+O8 1.050-05 2.888-01 1.056-03 1.313+01 2.749-01 1.369+01 5.507-f9 1.515-04 S.53!!-07 6.886-03 1.44.-04 7.183-03 
2.000+08 5.906-06 2.26£-01 7.~94-04 1.367+01 2.nO-Ol 1.419+01 3.098-~9 1a187-D4 4.1£0-07 7.170-03 1.531-04 7.44?--03 
3.00C+08 2.625-06 1.M5-01 5.245-04 ,.430+01 3.130-01 1.477+01 1.377-~9 I' .418-J 5 2.751-07 7.500-03 1.64;'-0£ 7. 74~-03 
I .. ooc+oe 1.477-06 1.257-01 3.92 7-~4 1.466'01 3.25~-Ol 1.511+01 7.747-10 6.593-15 2.tl60-07 7.6P9-03 1.70~-04 7.926-03 
s.ot)r+08 9.450-07 1.041 -0 1 3.138-04 1.490+01 3.342-01 1.534+01 4.956-10 5.46(/-15 1.646-07 7.815-0:- 1.75~-O" I'.04~-03 

6.0(,0+08 I, .562-07 e.90~-02 2.614-04 1.507+01 3.405-01 1.550,01 3.4&2-·0 £ .673-~5 1.371-07 7.904-03 1.78~-~4 8.129-03 
o .C00+0A 3.691-07 6.958-02 1.958-04 1.530+01 3.492-01 1.572.01 1.936-1() 3.649-) 5 1.027-07 S.024-03 1.831-04 8 .24~-O3 
1.000+09 2.362-07 5.724-02 1.566-04 1.545+07 3.550-01 1.586+01 1.239-10 3.002-l5 8.213-08 S.103-03 1086,-r4 R.319-(/3 
1.S0G+G9 1.050-07 3.998-C2 1.043-04 1.5f6+01 3.637-01 1.606+0 1 5.507-11 2.097-15 5.470-08 8.213-!)~ 1.908-D4 8.£;><;-03 
;'d)CO+~q 5.906-08 3.094-02 7.87.2-05 1.57~+O1 3.686-01 1.618+01 3.098-11 1.623-)5 4.H2-0S 8.276-03 1.933-04 8.4"~-{)3 

3.0CO+09 2.625-08 2.151.-02 5.213-05 10590+01 3.739-01 1.630+01 1.377-11 1.128-)5 2.734-08 8.339-03 10961-04 8.547-03 
l.. oo~,..r' 9 1 .4 77-0~ 1.661-07 3.9~9-05 1.5'-7+01 3.770-01 1.636+01 7.747-12 8.712-)6 2.050-08 8.376-03 1.97;-0& 8.S8~-03 

5.000+09 9.450-09 1.358-02 30127-05 1.601+01 3.789-01 1.640+01 4.956-'2 7.122-16 t.640-1)8 80397-03 1.98;-04 8.6P~-03 

6.000+09 6.562-09 1.151-02 2 .606- O~ 1.604tC1 3.1103-01 1.643+01 3.442-12 6.037-J6 1.367-08 8.413-03 1.99~-O4 8.6H-O" 
8.000-09 3.691-09 8.87C-03 1.954-05 1.608+01 3.821-01 10647+01 1.936-12 I. .652-16 1.025-/18 8.1.34-03 2 .OO~-O4 8.639-03 
1.000+10 ?362-09 1.242-03 1 .563-05 10611+01 3.832 -0 1 1.650+~1 1.~39-12 3.798-)6 e.198-09 8.449-03 2.01(-04 8.654-03 

'1.S00"+10 1.050-09 5.005-03 1.042-05 1.614+01 3.848-0"1 10653+01 "5.507 -13 2.625-)6 ~.465-09 8.465-03 2.018-04 " 8.67D-03 
2.000+10 5.906-10 3.848-03 7.815-06 1.616+01 3.857-01 1.655+01 3.098-13 2.018-16 4.099-09 8.476-03 2.02~-O4 8.680-03 
3.000+10 2.625-10 2.654-03 5.210-06 1.618+01 3.865-01 1.657+01 1.377-13 1.392-·)6 ;>.733-09 8.486-03 2.027-04 8.690-03 
4.000+10 loH7-10 2.037-03 3.907-06 1.619+01 3.871-01 1.658+01 7.747-14 1.06!!-)6 2.049-09 8.491-03 2.03(-04 P. .695-03 
5.000+10 9.450-1' 1.659-03 3.126-C6 1.619+01 3.87~-01 1.658+01 4.956-14 8.701-)7 1.640-09 8.491-03 Z.032-04 8.695-03 
~.OOO+10 6.562-11 1.£02-03 2.605-06 1.620+01 3.876-01 1.659+01 3.442-14 7.353-)7 1.366-09 8.497-0, 2 .O3~-04 8.701-03 
8.000+10 3.691-11 1.075-03 1.954-06 1.620':C1 3.B78-01 1.659.01 1.936-14 5.631'->7 1.025-09 8."C;7-0~ " .034-04 1!.71'O-O3 
1.000+11 2.362-11 8.749-04 1.563-06 1.621+01 3.1180-01 7.660+01 10239-14 4.Sfl9-H 8.198-10 8.~O2-03 2".035-0£ 8.71'&-0;< 



TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV 

Z=l to IOO-Continued 

50. SN. TIN ATOMIC VT. = 11~.69 !!SIl/KG .00050738 PA~NS/ATOH ~ClTIPlY HSO/KG RY 10 FOR CIISO/S 

PA IR pRoDuCT rotl PAIR PRODUCTION 
SCATTERING SC .·TER !NG 

PHOTON PHOTO- YUClHR HEC TRON TOTAL 1'40TO- NIIClFAR ELECTRON TOTAL 

ENERGY COHERENT INCOHER. ElECIR Ie FIELD FIELD COHE!!ENT INCOHER. ElECTRl C FIElD FIelD 

£V ~/HOH 9/ATOM BIATOM BIHOH e IA TOf-! B IATOH MSO/KG MSanG MSQ/KG IISO/KG HSO/KG HSO/KG 
." 

1.000+06 2.474-01 1.052+01 6.628-01 1.000 0.000 1.143+01 1.255-0' 5.338-03 30363-~t. (10 O~ C 0.000 5.79Q-03 ;r.. 
1.:lZ2+06 2.370-01 10041+01 6.3t.?-01 n.ooo 0.000 1.128+01 1.202-04 5.2~2-03 3.218-04 0.00r, 0.000 5.724-03 ;; 
1.250+06 1.58.-01 '1.421+00 4.277-01 ,.392-02 0.000 1.004+01 8.062-05 ~.780-03 2.170-')& 1.121-&5 O.OOC 5.095-(\3 ~ 

1.510+06 1.H5-01 8.569+00 3.06&-01 1.576-01 0.000 9.143+00 5.607-05 4.348-03 1.555-?4 7.996-05 0.000 4.6?C)-03 .... 
2·010+06 6.231-02 7.318+0n 1.S61)-;)1 5.389-01 0.000 8.106+00 3.161-!l\ 3.713-03 9.468-15 2.7:"4-04 ·o.ono 4.11~-03 ::III 

?O'l.t06 5 .966-02 7.228+00 1.801-01 S.761-01 o .COO 8.044+00 3.027-05 3.667-03 90138-15 ;1.9('3-04 0.000 4.081-03 :;; 
3'010·06 ?173-02 5.761+00 9.918-02 1.377+00 2 .015-03 7.267+00 10407-1)\ ~.9~3-03 5.032-)5 6.987-114 1.022-116 3.687-03 ... 

m 
4.000+06 1.561-02 4.807+00 6.578-02 2.123+CO 8.22e-03 7.020+00 7.920-06 2.439-03 3. 338-~5 1.u77-03 4.171-06 3.562-03 .:-4 
5.000+06 9.992-03 4.152+00 4.870-02 Z.767+00 1.636-02 6.994+00 5.070-0. 2.1°7-03 2.471-)5 104C4-03 8.301-06 3.549-03 

6.0 t O+06 6.940-03 3.670+00 3.846-02 !..323+00 2.510-02 7.063+00 3.521-06 1.862-03 1.951-~5 1.686-03 1.274-05 3.5~4-03 ;r.. 
7.0.0+06 5.099-03 3.;:>99+00 3.169-02 ;'819+00 3.381-02 7.189+00 2.587-0. 1.67&-03 1.608-J~ 1.93t'-03 10715-05 3.647-03 Z 
8.0~O+06 3.904-03 3.003+00 2.690-02 •• 264+00 4.224-02 7.340+00 10981-01> 1.5;>4-03 1.365-~5 2.163-03 2.143-05 3.724-03 C 

Q.0~0+06 3.085-03 2.760+00 2.335-0, '.6~9+00 5.030-02 7.5G6+00 1.565-06 1.400-03 1.185-05 ;> .369-03 2.552-05 3.808-03 .... 
10000+07 2.499-03 2.557+00 2.061-02 5.040+00 5.795-02 7.678+00 1.268-06 1.297-03 1.046-05 ? .557-03 2.940-05 3.896-03 0 
1.110+07 2.065-03 2.385+00 loR43-02 5.352+00 6.519-02 7.853+0r 10048-0£ 1.210- 03 9.351-ft6 2.731-03 3.308-05 3.ge4-03 .... 
1.200+07 1.735-03 2.237+00 1.667-02 5.697+00 7.202-02 8.024+00 6.803-07 1.135-03 8.458-06 2.891-03 3.654-05 4.071-03 

;r.. ... 
1.3~0+07 1.479-03 2.107+00 1.521-02 5.990+00 7.845-02 8.192+00 7.504-0. 1.069-03 7.717-06 3.03 0-03 3.980-05 4.156-03 
1.400+07 1.275-03 1.994+r.O 1.398-02 6.260+0C 8.457-0;> 8.354+00 6.469-0; 1.012-03 7.093-.6 3.176-1)3 4.291-05 4.239-03 ;r.. 
1.5tO+07 1.111-03 1.«93+00 1.294-02 •• 509+0n 9.036-02 a.506.00 5.637-07 9.605-04 6.565-.Jt. 3.303-03 4.585-05 4.316-03 .... 
1 .6~O+07 9.761-04 1.R03+00 10204-02 •• 741+00 9.586-02 8.653+00 4.952-0J 9.148-04 6.109-06 3.420-03 4.864-05 4.390-03 0 
1.800+07 7.713-04 1.64~+OO 1.056-02 7.165+00 1.060-01 !!.<)30+00 3.913-07 !l.362-04 5.358~06 3.635-03 5.378-05 4.531-03 3: 
2.000+07 6.247-04 1.519+00 9.406-03 ?565+00 1.153-01 9.1B9+CO 3.170-01 7.707-04 4.772-.6 3.828-03 5.850-05 4.662-03 n 
7..210+07 5.163-04 1.411+00 8.478-03 7.S89+00 1.238-01 9.433+00 2.620-117 7.159-04 4 .302-~6 4.003-03 6.281-05 4.7"6-03 n 2.4.r.+07 4.339-04 1.319+CO 7.716-03 &.202+00 1.316-01 9.661+00 2.202~O) 6.692-04 3.915-06 4.161-03 6.677-05 4.90~-D3 

2.600+07 3.697-04 1.238+00 7.079-03 8.4FS+OO 1.387-01 9.872+00 1.676-0) 6.281-04 3.592-0t 4.307-03 7.037-05 5.009-03 ::III 
0 

2.800+07 3.188-04 1.168+00 6.538-03 8.7t.9+00 1.451.-01 1.007+01 1.618-07 5.'!26-f14 3.317-.l: 4.439-03 7.377-05 5.109-03 U\ 
3. 0 ~n+ 0 7 ;>.777-04 1.106+00 6.074-03 ~.990+CO 1.516-01 10025+01 10409-07 5.612-04 3.082-06 4.561-03 7.692-05 5.2~3-03 U\ 

4.0(0+07 1.562-04 S.7 0 0-01 4.4P3-03 • .969 +OC 1.772-01 10103+01 7.925-0~ 4.460-04 2.215-06 5.0SR-il3 8.991-05 5.596-0! en 
5.Q~O+07 9.996-05 7.337-01 3.551-03 '.069+C1 1.967-01 '.162+01 5.072-0£ 3.123-04 1.802-06 5'47.4-03 9.980-05 5.898-03 m 
6.CfO+07 6.942-05 6.322-01 2.91;0-03 1.126+01 2.121-01 1.211+01 3.522-0S 3.208-04 1.492-n6 5.713-03 1.076-04 6.143-03 n 
~.O(O+O7 3.905-05 4.91!6-01 2.1116- 03 1.269+01 2.353-01 1.283+01 1.981-0~ 2.530-04 1.109-06 6.134-03 1.194-04 6.508-03 

.... 
1.0(0+08 2.4<;'9-05 4.138-01 1. 740-03 ~.269+01 2.522-01 1.336+01 1.268-0€ 2.1()0-Cl4 8.828-01 6.4,;[9-03 1.280-04 6.777-03 (5 
1.5eO+08 1 .111-05 2.91.7-01 10152-03 1.363+01 2.801-01 1.421'01 5.637-09 1.495-04 5.845-01 6.916-03 1.421-04 7.208-03 Z 

~ ?nCC+08 6.;>47-06 2.311-01 1!.614-01. ,.419+01 2.976-01 1.472+01 3.170-0~ 1.173-04 4.371-01 7.200-03 1.510-04 7.46~-03 
U\ 

." 3.6(0+08 2.777-06 1.638-01 5.723-04 1.4~5+01 3.1QO-Ol 1.533+01 1.469-09 8.311-05 2.904 -07 7.535-03 1.619-04 7.780-03 ." .. 
~ 4.0(0+08 1.562-06 1.283-01 4.2SS-04 '.522+01 3.318-01 1.568+01 7.925-1& 6.510-05 2.174-07 7.722-03 1.683-04 7.956-03 0 

5.0~O+08 9.996-07 1.062-01 3.425-04 '.547+01 3,406-01 1.592+01 5.072-1/ 5.388-05 1.738-~7 7.84'1-03 1.728-04 8.076-03 ::III 

n t.IICO+OI' 6.941-07 9.091-1)2 2.852-04 10565+01 3.470-01 1.609+01 3.522-H 4.613-05 1.447-H 7.940-03 1.761-04 3.163-03 ." .. • ~.CCO+~!I ~.Q05-07 7.100-02 2.131-01. 1.589+01 3.559-01 1·.632+01 1.981-H 3.602-05 1.084-07 1'.062-03 1.806-04 P.27Q-03 ::E: 
~ 1.0CO+O'1 2.499-07 5.841-02 10709-04 1.604+01 3.618-01 1.646+01 10268-11 2.964-05 8.671-'8 II .138-03 1.836-04 8.352-03 0 
or 1.500+0' 1.111-07 4.079-02 10138-04 10676+01 3.706-01 1.667+01 5.637-11 2.070-05 S.774-~8 8.250-03 1.1'80-04 8.459-03 .... 
t 2.0(0'OQ 6.247-08 3.157-02 11.535-05 ~.63!1·01 3.756-01 1.679+01 3.170-1~ 1.6~2-05 4.33Ci-~e 8.311-03 1.906-04 8.517-0; 0 

3.0 ~0+O9 2.777-08 2.195-02 5.688-05 1.651 +01 3.810-01 1.691+01 10409-1 ~ 1.114-05 2.P'86-ns 8.377-03 1.933-04 ~.581-03 Z 
CI 4.0eO+0' 1.562-08 1.695-02 4.266-05 1.658+01 3.842-01 1.698+01 7.nS-1i 8.600-06 2.164-~8 1'.412-03 "949-~4 8.616-03 U\ 

J 5.0CII+09 9.996-09 1.385-02 3.412-05 1.662+01 3.862-01 1.702+01 S.072-12 7.021-06 1.731-)b !!.433-03 1.959-04 1'.636-03 
6.0Co.09 6.941-09 1.175-02 2.843-1!5 1.666+01 3.875-01 1.706+01 3.522-11 5.962-06 1.442-)8 :1 .453-03 1.966-r.4 8.655-03 

< 8.0(0+0. 3.9115-09 0.051-03 2.132-05 1.670+01 3.894-01 1.710'01 10981-12 4.592-06 1.082-)1' 8.47~-O3 1.976-04 P.67S-03 
0 ,.. 1.0CO+l0 2.499-09 7.390-U3 10706-05 ' .672+01 3.905-01 10712+01 1.268-12 3.750-06 8.656-~9 8.483-03 1.9l.'1-04 8.toRS-03 

.'0 
1.5(0+10 1.111-09 5.107-03 1.13 7-65 '.676+01 3.921-01 1.716+01 5.637-H 2.~91-0e 5.769-)'1 8.504-03 1.989-04 8.705-03 

7.0(0+10 6.247-10 3.927-03 8.528-06 ' .678+01 3.930-01 1.718+01 3.170-13 10992-06 4.327-D9 8.514-03 1.994-04 8.715-03 
Z 3.0(0+10 2.777-10 2.708-03 5.685-06 '.680+01 3.939-01 1.720+01 1.409-1> 10 374-06 2.884-D9 R.S24-03 1.999-Q4 8.725-03 
? 6·.0(0)10 1.562-10 2.079-1'3 4.264-06 ' .681+01 3.94A-01 1.721+01 7.925-14 1.055-06 2.163-)9 '1.579-03 2.001-04 8.730-03 

.'" 5.0(0+16 9.996-11 1.693-03 3.411-06 1.681.01 3.948-01 1.721+01 5.072-1. 8.590-07 1.731-~Q 8.529-03 2.003-04 ~.730-03 

C.O~O+1O 6.941-11 1.431-03 2.842-06 ' .682.+01 3.95.0-01 1.722+01 3.522-11 7.261-07 1.442-)9 8.534-03 2.001.-04 8.n5-03 -
~ 8.000+10 3.Q05-11 1.097-Q~ 2.132-06 1.682+01 3.95?-01 1.722+01 10981-14 S.566-07 1.082-'9 8.534-03 2.0Q5-04 8.735-03 0 

'" .. 1.000+ 11 2.499-11 8.921-01. 1.705-06 10683+01 3. 95 f-01 1.723+01 1.261i-l. 4.529-07 8.651-.r 8.5:9-03 2.006-04 8.740':03 to) 
0 



"- TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaclion processes, 1 MeV to 100 GeV, 0 

" Z = 1 to 10O------Continued 0 
:r j:lo, 

~ 
1'1 51. 58, ANTIMONY iTO~!C ~T. = 121.75 HSO/KG .0004946, BARNS/ATOM MULTIPLY MSO/Kf. ~y 10 rCR CMSO/G 
:r • PA II! PRODUCT ION ? PHI! PROOUCTION 

SCATT[RING SCATTER IN£ 
OJ PHOTON PH010- NUCLEAR ElECTRON TOI Al PHOTO- NUCLHR ELECTRON TCTll. 
~ ENERGY COHERENT I N(OHER. ELHTRIC FIELD fIELD COHERENT I /leOHER. ELECTRIC fIELD FIElD 

0 

" EV B fA TOM 9/A10M !ltATOM ~/ATOM 

~ 
B IA TOM B IA 10 Ii MSIl/KG HSO/KG 1151:/KG MSO/KG 1150/KG HSO/KG 

< 1.00r..06 2.613-01 1.C73+01 7.~53-01 0.000 O.OO~ 10172+01 1.292-04 5.307-03 3.581;-0. 0.000 0.000 5.795-03 

!. 1.022+06 2.503-01 1.0/;;>-01 6.940-01 0.000 0.000 1.156+01 1.238-04 5.253-03 3.433-0. Il.o ne 0.000 5.720-03 

.0 
1.250'06 1.6H-01 9.60g-0O t..f>80-C1 3.57P.-02 0.000 1.02~+0 1 8.3~5-05 ".752-03 2.315-01 1.770-C5 Q.ooo 5.0~5-03 

1.50~+O6 1,168-01 F.739+00 3035;>-01 1.660-01 0.000 9.357+00 5.777-05 4.323-03 1.658-01 8.211-C5 0.000 4.6~P'-03 

Z ? .000+(\6 6.583-02 7.464+00 ?l41-01 5.648-01 0.000 f.299"00 3.256-0~ 3.692-03 10010-0\ 2.794-C4 0.000 4.105-03 
3 2.04l+06 6.304-02 7.372 .. 00 1.g69-01 6.037-01 O.OO~ h 236+0 0 3.118-05 3.646-03 9.739-05 2.986-(4 0.000 4.074-03 .. 3.00(-06 ? .930-02 5.876-00 1.D84-01 1.437 .. 00 2.055-03 7.453+00 1.449-05 2.906-03 5.362-0; 7.108-CI. 1.016-06 3.6P6-03 

4.00C+06 1.64'1-02 4.903-00 7,186-02 2.211+00 8.384-03 70211_00 8.156-06 2.425-03 3.554-05 10094-(3 4.11. 7-06 3.567-03 

:;; 5.QOC+P6 1,056-02 4.235+0(, 5.317-C2 2.87Q+OC 1.66 0 -02 7.194+00 5.223-D6 2.095-0 "3 2.630-0; 10424-(3 8.255-06 3.559-03 

'" 6,OOC+06 7.333-03 3.744_00 4.191\-02 3.456+00 2.560-02 70275-00 3.627-fl6 1.Es52-03 2·1176-05 1.709-L' 1.266-05 3.598-03 
0 7.00(+06 5.3~8-03 3.31,5 +00 3.458-('I~ 3.9l!9+00 3.H8-02 7.408"00 2.665-06 1.664-03 1.710-05 1.963-63 1.705-05 3.664-03 

8.00(+06 4.1?5-03 3.063+00 2.935-02 4.431+00 4.307-02 7.571+00 2.040-06 1.515-03 1.452-05 2.192-(3 2.130-05 3.145-03 :E: 
9.00£+06 3.260-03 2.815'OC 2.547-0? 4.850+0r, 5.129-02 7.745+00 1.612-06 1.392-03 1.?60-05 2.399-13 2.537-05 3.831-03 C 
1.000-07 ;> .640-03 2.60 0 +00 2.248-02 5.;>34-00 5.910-02 7.927+00 1.306-06 1.290-03 1.112-0~ 2.589-0 2.923-05 3.<I?1-03 Dr 
1.10~·()7 2.1?2-03 2.433+0r ~.01'-{)2 5.588.00 6.648-02 &.110+00 1.079-06 1.203-03 9.947-06 2.764-03 3.288-05 4.011-03 Dr 
1.2M-+O? 1.834-03 2.282+0r. 10818-02 5.915+00 (.344-02 8.290+GO 9.071-07 1.129-03 e .Q92-06 2.926-03 3.6-33-05 4.10'-03 m .... 
1.30~+07 1.562-03 2.150+00 1.659-0< 6.220+00 7.999-02 8.468-00 7.726-()7 1.063-03 8.206-06 3.077-&3 3.956-05 4.1P.9-03 .: 
1.400+07 1,347-03 2.034+00 1.525-02 6.500+00 &.623-02 &.637+00 6.663-07 1.006-03 7.543-06 3.215-13 4.265-05 4.272-03 

1.500-07 1.174-03 1.931+00 1.411-02 6,759+00 9.213-0, 8.797+00 S .807 -07 9.551-04 6.979-06 3.343-13 1..557-05 4.351-00 a 
1.600-07 1.n31-03 1.~39+00 1.312-02 6,999+00 9.773-02 f.'1SP+OO 5.100-07 9.096-04 6.489-06 3.4c2-t3 4.834-05 4.4,7-03 j 
1.!\QC+07 ~ .150-04 1.61!1+0G 1.151-f)2 7,439+00 1.0Pl-01 ~.240+00 4.031-07 8.315-04 5.693-06 3.680-0'3 5.347-~5 4.571-03 

~ <.000-07 6.60<-04 1.550+00 1.025-(\2 7.1)32+00 1.175-01 9.510+00 3.266-07 7.667-04 5.070-06 3.87&-03 5.812-05 4.704-0! 

2.200+07 5.456-04 1.439+00 9.242- 03 8.189+00 1.262-01 9.764'00 2.699-07 7.118-04 4,571-06 4a05fl-B 6.242-(\5 4.830-03 

2.400+07 4.584-04 1.345+00 8.410-03 ~.513+00 1.341-01 1.000+01 2.267-07 6.653-04 4,'60-06 4.211-OJ 6.633-05 4.947-03 
,. 

".601+07 3.9C6-04 1.263+0~ 7.715-03 a.poo+OO 1.414-01 1.022+01 1.932-07 6.247-04 3.816-U6 4.357-1) 3 6.994-05 5 .056-03 Z 
2.801+07 3.368-04 1.192·CO 7.126-03 9.080+0fl 1.48;>-01 1.043+01 1.6610-07 5.e96-C4 3.S25-06 4.491-')3 7,330-05 5.158-03 t:J 

3.001+07 2.<'34-04 1.128+00 6.620-03 9.330+00 1.545-01 1,062+01 1.£51-07 5.579-04 3.274-0t. 4.615-·)3 7.642-05 5.2~~-O~ -e 
4.00"07 1.650-04 8.96b-Ol 4.885-{l3 1,034-01 1.806-~1 1.142.01 8.161-08 4.435-04 2.416-06 5.114-'13 8.933-05 5.650-03 < 
5.00"'07 1.056-04 7.&84-01 3.869-03 1.110+01 2.004-01 1,205+01 S ,223-0S 3.702-\)4 1.911.-06 5.490-0):" 9·912-°5 5.962-03 m 
6.00Q+07 7.335-05 6.44B-01 3.203-03 1.168+()1 2.161-01 1.254+01 3.b2S-0? 3 ,,89-04 1.584-C6 5.777-)3 1.069-04 ~.2C5-03 ::'II 

8.00)'07 4.126-05 5.086-01 2.382-C3 1.255+01 2,39!!-Ol 1.330+01 2.0&1-08 2.516-04 1.178-06 (: .208-~3 1.186-04 6.579-03 aI 

1.00)+08 2.641-05 &.221-01 1.396-03 1.316+01 ? .569-01 1.384+01 1.301>-08 2.088-04 9.;78-Cl 6.509-~3 1.271-04 6.846-03 -e 
1.50)+08 1.174-05 3.006-01 1.256-t'1 1.&14+01 2.853-01 1.473+01 5.807 -09 1.4117-04 6.212-~7 6.994-~3 1.411-04 7.284-03 

2.00B+08 6.601-06 2.357-01 9,384-04 10472+01 3,(131-01 10526+01 3.265-09 1,166-()4 4.642-(7 7.21'1-DJ 1.499-04 7.548-03 

3.()OO+O8 2.934-06 1.67Q-01 6.235-04 1.540+01 3.249-01 1.589+01 1.451-09 8.260-05 3.084-(7 7.617-G3 1.607-04 7.8f,1-03 

4.000+08 1.650-06 1.308-01 4.668-04 1.579+01 3.38n-01 1.626-01 8.161-10 6.470-05 2.309-~7 7.8!C-}3 1.672-04 8.042-03 

5. OP~+08 1.C56-0f, 1.083-01 3.731-04 1.605.01 3.469-01 1.651.01 5.223-10 5.357-CS 1,845-(7 7.939-n 1.716-04 8.164-03 

6.~OD+08 7 .3~ 5-07 9.272-02 3.107-04 1,623.01 3.535-01 1.668+01 3.628-10 4.586-05 1.537-U a.0;>B-n3 1.748-04 8.249-03 

8.0~r.+08 40126-07 7.242-v2 2.328- 04 10646+01 3.625-01 1.692_01 2.041-10 3.51l2-05 1.151-(7 6.151-n3 1.7'13-04 8.367-03 

1.000+09 ?640-07 5.958-02 1.862-04 10664+01 3 .685-01 1.707+01 1.306-H 2.947-05 9.210-£1l 8.231-03 1.823-04 8.44'-03 
1.500+09 1.174-07 4.161-02 1.24£-04 1.687+01 3.774-01 10729+01 5.801-11 ,.058-05 6.133-(1' 8.344-03 1.867-04 8.552-03 

2.000.09 6.601-0e 3.220-02 9.298-05 1.699.01 3.825-01 1.740-01 :3 .265-11 1.593-05 4,599-(8 8.404-03 1.892-04 8.b09-03 

3.0GO+09 2.934-08 2.239-02 6.196-05 1.713+()1 3.880-01 1.754+01 1.451-11 1.107-05 :3.065-(,8 8.473-03 1.919-04 8.676-03 
4.00Q+09 1.650-08 1.728-02 4.647-05 1.120+01 3.912-01 10761+01 8.161-12 B.547-0t 2.2YQ-~1O 8.508-03 1.935-04 8.710-03 

5.000+09 1.056-08 1 .413-~2 3,717-05 1.725+01 3.932-01 1.766+01 5.223-12 1'>,989-06 1.839-~8 8.5:'2-03 1.945-04 8.734-03 

t .000+09 7.335-09 1.198-02 3.097-05 1.728+01 3.946-01 1.769+01 3.628-12 5.926-06 1.532-H; 8.547-03 1.952-04 8.748-03 

8.000+09 4.126-09 ~.233-r3 2.323-05 1.732+ 01 3.964~01 1.773+01 2.041-12 4.567-06 1.149-~8 8.567-01 1.961-04 8.768-03 

1.-00+10 2.640-09 7.538-03 1.8S6-05 1.735+01 3.976-01 1.776'01 1.306-12 3.728-06 9.190-~9 8.582-03 1.967-04 8.782-03 
1.500t10 1.174-09 5.209-03 1.239- 05 10 738'01 3.992-01 1.778-01 5.807-n 2.576-06 6.128-~9 8.597-03 1,975-04 8.797-03 
2.000+10 6.601-10 4.005-03 9.289-06 1.740'01 4.01l1-01 1.71l0+~1 3.265-n 1.961-06 4.595-~9 2.606-03 1.979-~4 8.806-03 
3.000+10 2.934-10 2.762-03 6.193-06 1.742+ 01 4.010-01 1.782+01 1.451-13 1,366-06 3.063-f<) 8.61(,-03 1.983-04 8.1>16-03 
4 ./lOO., 0 1.650-10 2.121-03 4.644- 06 1.743+01 4.{l16-01 1.783+()1 1'.161-H 1.049-06 2.297-111 8.621-03 1.986-04 11.821-03 

5.000+10 1.056-10 10 72 7-03 3.715-06 1.744+01 4.019-{l1 10784'01 5.223-14 8.S42-07 1.fj38-~9 8.626-03 1.988-04 A.826-03 
6.nOO_10 7.335-11 1.460-03 3.096-06 1.]-45+01 4.021-01 1.785+01_ 3.6211-" 7 .;>22-07 1.531-.9 8.6~1-03 1.989-04 8.8~1-03 

8.000+10 4.126-11 1.119-~3 2,322-06 10745+01 4.023-01 1.785+{ll 2.041-H 5.535-07 1.149-19 8.631-93 1.990-04 P..831-03 
1.000+11 2.640-11 9.106-04 1.858-06 1071.6+01 4.025-01 1.786+01 1.3C6-H 4.504-07 9.190-'0 8.6'16-03 1.991-04 -.836-03 
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52, TE, TElLURIU", ATOlllf VT. = 127.60 MS()/KG = .00047195 'lARNS/HOII ",UlTIPlY liSa/KG 8Y 10 FOR C"SO/G 

PA IR PRODUCTION p~rR PRODUCTION 
SCATTERING SCHTEIlING 

PHOTON PHOTO- NUCLEAR ELECTRON TOTAL PHOTC- NUCLEAR ELECTRON TOTH 
ENERGY COHERENT tNconER. ElECTR Ie F IELO fIE lP COHEREIH INCO'lER. ELECTRy C FIELD fIELD 

EV AlA TO~ B/AlOM AlA TOM e/ATOII B /ATOH B IATOH HSO/KG MSIJ/KG MSO/K. ItSO!KG MSil/KG II SO IKG 

." 
1.(!OP+06 2.755-01 1.094+01 7.922-01 0.000 0.000 1.201 +0' 1.300-04 5.163-03 3.739-04 I).OD~ 0.0 GO 5.667-03 » 
1.022+06 7,.639-01 1.083.01 7.580-01 0.000 O.OO~ 1.185+0' 1.2~5-ll4 5.111-03 3.577-04 o .OC~ 0.000 5.59"-03 iG . 1.250+06 1.770-01 9.196+00 5.112-01 3. 770~O2 0.000 1.052+01 8.353-llS 4.623-03 2.413-04 1.779-0~ 0.000 4.966-03 
1.500+06 1.231-01 8.910>00 3.661)-01 1.746-01 0.000 9.574+0. 5.810-ll5 4.205-03 1.72 7-04 8.24~-05 0.000 1 .. 518-03 .... 
2 .~OC+06 6.942-02 7.61C.OO 2.228-01 5.916-01 O.OIlO 8.494+00 3.276-05 3.592-0'1 10051-" 4 2.791-04 0.0 0 ~ 4.00Q-03 ::a 
2.044+06 6.647-02 7.517+00 2.149-01 6.321-01 o.ooa 8.430+00 3.137-05 3.548-03 10014-04 2.98~-O4 0.00(, 3.979-03 ::u 
3.00~+06 3.090-02 5.991+00 1.182-01 1.4'18+00 2.096-03 7.640+0. 1.458-05 2.a?7-03 5.570-05 7.07·)-04 9.892-07 3.606-03 r-m 
4.000+ Of. 1.739-02 4.999+00 7.834-07. 2.301+00 8.547-03 7.404+00 8.207-06 2.359-u3 3.697-05 1.08.-03 4.034-06 3.494-03 .:-' 
5.0nO+06 1.114-02 4.318+00 5.795-02 2.994+00 1.701-02 7.398+~' 5.257-06 2.038-03 2.735-05 1.41:>-03 8.028-06 3.492-03 
6.(lGO+06 7.734-03 3.817+00 4.574-02 3.591+00 2.610-02 7.488+01 3.650-06 1.801-03 2.159-05 1.69;-03 1.232-05 3.534-03 » 
7.000+06 5.682-03 3.431+00 3.767-02 40122+00 3.515-02 7.632+0~ 2.682-06 1.619-03 1.718-05 1.94;-03 1.659-05 3.602-03 Z 
~.r.OC+(l6 4.351-03 3.123+00 3.197-02 4.6CO+OO 4.391-02 7.803+00 ;> .053-66 1.474-03 10509-05 7.171-03 2.072-05 3.683-03 C 
9.000+06 3.438-03 2.871 +00 2.773-02 S.034+00 5.228-02 7.988+0' 1.623-06 1.355-03 . 1.309-0~ 2.376-03 2.467-05 3.770-03 .... 
1.000+07 2.785-03 ;> .660+00 2.447-02 5.432+00 6.024-02 8.179+0. 1.314-C6 1.255-03 1.'5S-0~ 2.561-03 2.843-05 3.860-03 0 
1.100+07 2.301-03 2.481+00 2.189-02 5.798+00 6.776-02 8.371+0. 1.086-06 1.171-03 1 .033-05 2.73.-'03 3.19.8-()5 3.951-03 .... 
1.200+07 1.934-03 2.327+00 1.979-02 6.137+00 7.485-02 8.561+01 9.127-07 1.098-03 9.340-06 2.8n-03 3.533-05 4.040-03 > 
1.300+07 1.648-03 2.192+0r. 1.805-02 6.452+00 8.153-02 8.745+01 7.778-07 1.035-03 8.519-06 ~.04;-O3 3.848-05 4.127-03 r-

1.400.07 1.471-03 2.074+00 1.6(.0-02 6.742+00 8.789-02 8.922+00 6.706-07 9.788-04 1.1134-06 3.18?-03 4.148-~5 4.211-03 » 
1.500+01 1.238-03 1.969+00 1.535-02 7.u11+00 9.389-02 9.090+0. 5.843-07 9.293-04 7.244-06 :!.30t-0~ 4.431-05 4.290-03 .... 
1.fOO.07 1.0eB-03 1.!l75+0~ 1.421'-02 7.260+0U 9.960-02 9.250+00 5.135-07 8.849-04 6. 739-0l- 3.4?~-03 4.701-05 4.365-03 0 
1.800+07 8.595-04 1.713+00 1.253-02 7.716+00 10102-01 9.553+00 4.056 -07 8.G84-04 5.913-06 3.6t.~-0 3 5.201-05 4.508-03 ~ 
2.000+07 6.962-04 1.580+00 1.116-02 8.124+00 1.198-01 9.836+00 3.286-07 7.451-04 5.267-06 3.8°H-03 5.654-05 4.642-03 n 
2.20U+07 5.754-04 1.468+00 1.006-:)2 6.494+00 1.286-01 1.010+01 2.716-07 6.928-04 4.ne-06 4.0G~-03 6.069-05 4.767-03 
2.400+07 4.835-04 1.371+0& 9.150-03 8.8~0+OO 1.367-01 1.035+01 2.282-07 6.470-04 4.3H-06 4.167-03 6.452-05 4.883-03 n 
2."00+07 4.120-04 1.288+00 8.394-03 9.137+00 1.441-01 1.058+01 1.944-07 6.079-04 3.<)62-06 4031 ~-G:! 6.801-05 4.992-03 ::a 
2.800+07 3.552-04 1.215·00 7.753-03 9.417+00 1.510-01 10079+01 10676-07 5.734-04 3.65~-06 4.444-03 7.126-05 5.093-03 0 en 
3.000+07 3.095-04 10150+0~ 7.202-03 9.676+00 1.574-01 1.099+01 1.461-07 5.427-04 3.39~-06 4.567-03 7.428-05 5.187-03 en 
4.001)+07 1.741-04 9.141-01 5.313-03 1.073+01 1.840-01 1.183+01 8.217-08 4.314-04 2.501-06 5.064-03 8.684-05 5.5115-03 en 
S .0{!O+Ol 1.114-04 7.631-01 &.208-03 1.151+01 2.0&2-01 102&8+01 5.257-08 3.601-04 1.98~-06 5.4 ~2-03 9.637-05 5.891-03 m 
6.(100+07 7.736-05 6.575-01 3.483-03 10211+01 2.202-01 1.299+01 3.651-08 3.103-04 1 .64 ~-O6 5.715-03 1.039-04 6.131-03 n 
8.000+07 4.351-05 5.185-01 2.591-03 1.301.01 2.442-01 10 378+ 0 I 2.053-08 2.447-04 1.223-06 6.14C-03 1.152-04 6.5~1-03 .... 
1.00(1+08 2.7e5-05 4.304-01 2.062-03 1.36~+O1 2.617-01 1.433+01 1.314-08 2.031-04 9.73:2-07 6.437-03 10235-04 6.765-03 0 
1.'()O+08 1.238-05 3.065-01 1.365-03 1.465+01 2.906-01 10525+01 50843-09 1.447-04 6.44,-07 6.914-03 1.371-04 7.196-03 Z 
2.000+08 6.962-06 2.4~3-1I1 1.020-03 1.526+01 3.087-01 1.581+01 3.286-09 1.134-04 4.814-07 7.202-01 1.457-04 7.461-03 en 
3.000+08 3.094-06 1.703-01 6.7110-04 1.596+01 3.309-01 10646+01 1.46()-O9 8.031-05 3.20C-07 7.532-03 1.5t-2-04 7.769-03 ." 

i 4.00(1+08 1.741-06 1.334-01 5.076-04 1.637+01 3.442-01 10685+01 8.217-10 6.296-05 2 .39~-07 7.126-03 1.624-04 7.951-03 0 
S.(01)+08 1.114-06 1.104-111 4.056-0.4 1.664+01 3.533-01 1.710+01 5.257-10 5.210-05 t.9H-07 7.853-03 1.667-04 8.072-03 ~ 

r 6.000+08 7.736-07 9.454-02 3.378-1)4 1.683+01 3.600-01 1.728+01 3.651-10 4.462-05 1.59~-~7 7.943-03 1.699-04 11.151'-03 ." 
" F.00O+08 4.351-07 7.3E4-G2 2.531-04 1.708+01 3.692-01 1.752+01 2.053-10 3.485-05 1.19l-07 8.061-0'1 1.742-04 8.270-03 
II % 
~ 10000+09 2.785-07 6.~75-02 2.024-04 1.725·+01 3.753-01 10 769+01 1.314-10 2.867-05 9.55<-01! S.141-03 10771-04 8.347-03 0 .. 1.500+09 1.238-07 4.242-02 1.348-04 1.748+01 3.844-01 1.791+01 5.843-11 2.002-05 6.36.-08 8.250-03 1.814-04 8.451-03 .... 
~ 2.000+0. 6.962-08 3.281.-02 1.011-04 1.761+~1 3.895-01 1.803+01 3.286-11 1 .S511-0 5 4.711-08 8.311-03 1.838-04 R.510-03 0 

3.000+09 3.094-08 2.283-02 6.731-05 1.775+01 3.951-01 10817+01 1.460-11 1.077-05 3.18~-08 8.371-03 1.865-04 S.574-03 Z 
0 4.000+09 1.741-08 1.762-02 5.052-05 1.783+01 3.984-01 1.825+01 8.217-12 8.316-06 2.38' -08 8.415-03 1.880-04 8.611-03 en 
I> 5.COO+09 1.114-08 1.441-02 4.041-05 1.788+01 4.004-01 1.829+01 5.257-12 6.801-06 1.907-08 1'.438-03 1.890-~4 8.634-03 
1 6.00P+09 7.736-09 1.222-02 3.36[>-05 1.791+01 4.018-01 1.832+01 3.651-12 5.767-06 1.590-08 8.453-03 1.896-04 ~ .648-03 

< ~.OOo+O. 4.351-09 9.414-03 2.525-05 1.795+01 4.037-01 1.836+01 2·.053-12 4.443-06 1.19.-08 8.411-'03 1.905-04 8.666-03 

~ 1.000+10 2.785-09 7.686-03 2.020-05 1.798+01 4.049-01 1.839+01 10314-12 3.627-06 9.533-09 8.486-03 1.911-04 8.680-03 

00 10500+10 1.238-09 5.312-03 1.347-05 1.802+01 4.065-01 1.a 43+01 5.843-13 2.507-4)6 l:.357-09 8.501.-0 ~ 1.918-04 II .699-03 - 2.000+10 6.962-10 4.084-03 1.010-05 1.804+~1 4.074-01 1.845+01 3.286-13 1.927-06 4.767-09 8.514-03 1.923-04 8.70 8-03 
Z 3'000+10 3.094-10 2.816-03 6.733-06 1.806+01 4.083-01 1.847+01 10460-13 1.329-06 3.17&-09 8.523-03 1 .• 927-04 8.717-03 
!' 40000+10 1.741-10 2.162-03 5.050-06 1.807+01 4.089-01 1.848+01 8.217-14 1.020-06 20383-09 8.528-03 1.930-04 8.722-03 

!" 5.000+10 1.114-10 ,. 761-03 4.040-06 1.808+01 4.092-01 10849+01 5.257-14 8.311-07 1.907-09 8.533-03 1.931-04 8.727-03 
6.000+10 7.736-11 1.488-03 3.366-06 1.808+C1 4.095-01 1.849>01 3.651-1& 7.023-07 10589-09 P·533-03 1.933-04 8.727-03 ... 

;; 8.000+10 4.351-11 1.141-03 2.525-f6 1.809+01 4.097-01 1.850+01 2.053-14 5.385-07 1.192-09 8.5~8-03 1.934-04 8.731-03 0 ... 1.100+11 2.785-11 9.284-04 2.020-06 1.809+01 40099-()1 1.&50+01 1.314-14 4.382-07 9.533-10 8.538-03 1.935-04 e.731-03 
..g 

0 UI 
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0 
Z= 1 io lOO--Contintled . -0 

~ 0-

n 53. or T • IOJTNE ATOMIC WI. = 126.9045 HSOI'KG .DOO~7453 BARNS/AlOM MUl"IPLY HSOIKG BY 10 FOR C"SO/G .. 
~ PAIR PIWOUCT!ON pqR PRODUCllON 

lJ:I scATTFRING SCATTER ING .. PHoTON PHOTO - NIICU:AI1 fLFCIRON TOTH PHOTO- NUCLEAR ELECTRON TOtAL 
:0- E NERG Y COHnENT INCO'lER. ELECTRIC F IflD FIElD COHERENT INCOHER. ELECTRIC FIElD FIELD 
0 
0 :0 EV S/ArOM PlnOH ~IATO'" B/ATOl< B IA TOM BlnOH "SO/KG MSO/KG HSO /K G MSO/KG MSO/KG MSDII(G 

< 1.00~+j)6 ?.9DS-0 1 1.115+01 8.638-01 0.000 0.000 1.230+01 1.379-01. 5.291-03 "" 099-04 ().O!l~ 0.000 5.839-03 
0 
:- 1.022+06 2.784-01 1.103+01 R .265-(11 0.000 0.000 1.213+01 1.321-04 5.7.36-03 ;.922-04 1I.0PJ) o.o~o 5.758-03 

~ 
1.250+06 1.1167-01 9.983+00 5.573-01 3.969-02 0.000 1.077+01 8.860-05 4.737-03 ... 61.5-01. 1.BII~-05 0.000 5.109-03 
1.5QOt06 1.29~-()1 9.081+00 3.989-01 1.e36-01 0.000 9.793+00 60161.-05 I. 0309-03 1.893-04 8.712-05 o.ooe 4.647-03 

Z 2.000 t 06 7.32,-02 7.756+00 2.1.2a-01 6.193-01 o.OOC 8.69HQO 3.676-05 3.680-03 1.152-04 2.939-04 O.OOC 4.12L-03 
0 

,.OHt06 7.015-02 7.661+00 2.342-01 6.615-01 0.000 8.t27+00 3.329-05 3.635-0~ 1.111-04 3.139-04 o.OOti 4.091.-0~ 

~ 3.000+06 3.261-02 60107+00 1.288-01 1.561+00 2.136-03 7.832+00 10547-05 2.898-03 6.112-05 7.407-04 1.014-06 3.716-03 

:c: 
4.000t06 1.83,-02 5.095+00 .8.527-02 2.393+0& IJ. 711-03 7.600+00 8.712-06 2.418-03 4.046-05 1.136-03 4.134-06 3.6 n 7-03 
5.000+06 1017;-02 1..401+00 6.305-1)2 3.1tC+OO 1,734-02 7.603+00 5.576-06 2.0B8-03 2.992-05 1.476-03 8.223-06 3.601\-03 ... 6.00Q+66 130 16 ~-O3 3.890+00 '.975-~2 3 • 721!> 0 0 2.660-02 7.703+00 3.873-0(, 1.646-03 2.361-()5 10769-03 1.262-05 3.65~-o3 

0 
7.QOO+06 5.997-/)3 3.497+00 4.097-02 4.27a+co 3.582-02 7.058+00 2.846-06 1.659-c3 1.944-05 2.03()-O3 1.700-rs 3.729-03 
e .000+06 4.59?-O3 3 .183+0~ 3.476-02 4.772 + Co 4.474-02 8.039+()Q 2.179-06 1.510-03 1.649-05 2.?64-0~ 2. 1 23-05 3 .815-03 
9.COO+06 3.623-03 2.926+00 3.015-02 5.27.1+\)0 5.32 B -0 2 8.234+00 1.722-1)6 10388-03 1.431-()5 2.47R-03 2.528-05 3.907-03 :r. 
10000+07 2.931-03 2.711+00 2.660-02 5,632+00 6 .13~ -02 8.434+00 1.39S-06 1.286-03 ·7.262-05 ;>.t73-0~ 2.913-C5 4.002-0~ c: 

at 
7.100+07 2.42~-O3 2 ,528+~0 2.379-02 6.011+00 6.90/.-n 8.634+00 1.153-06 1.2aO-0~ 1.129-05 2.852-03 3.276-Q5 4.097-03 ~ 

1.200+07 2.041-03 2.371 +00 2.151-Q2 6.362+0(1 7.627-0. 8.833+00 9.6/1 5-07 10125-03 1.021-05 3.019-03 3.619-05 4.1 9 1-03 m 
1.300+07 1.739-03 2.234+00 1 .062-r. 2 6.6~S+OU 8.307-02 'l.026+00 8.252-07 ,.r60-03 9.310-06 3.17&-03 3.942-05 4.28::<-03 

,... 
1.4~Ot07 1.50·)-03 2.113+00 1.803-02 6.9~8+00 8.954-02 9.210>00 7.118-07 1.003-&3 8.556-06 3.31(;-0'1 4.249-05 4.370-03 

r 
1.50C t 07 1.30.-03 2.007+00 1.668-02 7.257+00 9.566-02 9.388+00 6.197-07 9.524-04 7.915-06 3.1.48-0 ~ 4.539-~5 4.455-03 Q 
1.600+07 1.14~-o3 1.911+00 1.552-02 7.525+00 10015-01 9.554+00 5.448-07 9;068-04 1.365-0<> 3.';71-03 4.817-05 4.534-03 i 1.800+07 '?on-04 1.746_00 1.361-0;> 7.996+00 1.127.-01 9.869+00 40305-07 S.285-04 6.458 -06 3.794-03 5.324-05 4 .6P 3-03 
Z.COO+07 7.343-04 1.610+00 1.212-02 8.'19+00 1.220-01 1.016+01 3.481-07 7.640-04 5.751-06 3.9"5-03 5.71'9-05 &.823-03 ~ 
'.200+07 6.071-04 1.4~6+00 1.092-02 8.802+00 1.310-01 1.044+01 2.882-07 7.099-04 5.182-06 4.177-0~ 6.216-05 ".954 -03 
2.~(l0+O7 5.135-04 1.398+00 9.'40-03 90150+00 10392-01 1.070+01 2.1.22-07 6.634-01. 4.717-06 &.3&2-03 6.606-05 5.076-03 » 
2.600'07 ".343-04 1.313+00 9.118-03 9.4se+oo 1.468-01 1.091.+01 2.063-67 6.231-04 4.327-06 4.493-03 6.966-05 5.190-03 Z 
2.800-07 , .149-04 1.238+00 8.421-03 '?758+00 1.538-01 1.116+01 1.779-07 5.875-04 3.996-06 4.630-03 7.298-05 5.295-03 C 
!.000+07 3.26·\-04 1.172+00 7.823-~3 1.0D3+01 10604-01 10137+01 1.550-07 5.562-C4 3.712-06 4.760-03 7.612-05 5.396-03 

"& 4.0.00+07 1.837-04 9.317-01 5.770-03 1.111+01 1.874-01 1.224.01 8.717-08 4.421-04 2. 7 38-06 5.Z7?-03 8.893-05 5.806-03 
~.OOO+07 1.171>-04 7.778-01 I. .570-03 101~2'Ol 2./l79-()1 1.291+01 5.581-08 3.691-04 2.169-06 5.656-03 9.866-05 6.1;>6-03 < m 
6.000+07 8,16;-05 6.701-01 3.783-03 1.255+01 2.242-01 1.31.5+01 3.875-08 3.180-04 1.795-06 5.955-03 1.064-04 6.3~;?-03 :10 
8.0~~+07 4 .59~-OS 5.285-01 ?813-03 103&7+01 2 .,86-01 1.&25+01 2.180-08 2.508-04 1.335-06 6.~92-03 1.180-04 6.762-03 a:I 

1.000+08 2.939-05 ... 3S7-01 7..239-03 1.413+01 ;> .664-01 1.484+01 " 395-08 2.082-04 1.062-011 6.705-03 1.264-01. 7.041-03 -e 
1.500+08 1.30.-05 3d24-01 1.482-03 1>518+01 2.959-01 1.579+01 6.197-09 '1.482-0& 7.033-07 7.203-03 1.401.-06 7.493-03 
2.00C+08 7.343-06 2.4&9-01 1.108-03 1.5~1+01 3,143-01 1.637+01 3.487-Q9 1.162-04 5.258-01 7.502-0'! 1.&97-04 7.768-03 
3.COO+08 3.26.-06 1.736-01 7.360-04 1.654+01 3.369-01 1.705+01 1.550-09 8.238-05 3.493-1)7 7.849-03 1.599-04 8.091-03 
•• oontOR 1.837-06 1.360-01 5.511-04 1.6~6+01 3.505-01 1.145+01 8.717-10 6.454-05 2.615-07 8.0413-03 1.663-04 8.279-03 
o.nOO.08 1.170-06 1.125-01 4.404-04 l.n3+01 3.:;97-01 1.770+01 5.581-10 5.339-05 2.090-07 8.176-03 1.707-04 8.400-03 
c.ooo+r~ 8.16"-07 9.636-C2 3.667-04 1. U3+01 3.665-01 1.789+01 3.874-10 4.573-05 1.740-1)7 8.271-03 1.739-04 ~.491-03 

E .~QO+08 b .59!-07 1.526'-02 2.748-04 1.n9+01 '3.759-01 1.E14+01 2.179-10 3.571-05 1.304-07 8.391.-03 1.784-04 8.609-03 
1 .1)0 ('\+O~ 2.<)39-07 6.192-02 2.197-01. 1.n6+01 3.1'21-01 1.830+01 1.395-10 2.938-05 1.043-07 1'.475-03 1.e13-0l. JI.686-03 
'.50C+09 1.30.-01 4.324-02 1.464-(}4 1. e11+01 3.913-01 1.854+01 6.197-11 2.052-05 6.947-{)B 8.591.-03 1.857-04 ~.8(l0-03 

2.00C·0'l 7 .3i.S -08 3.347-02 1.097-04 10825 +01 3.965-07 1.868+01 3.487-11 1.588-05 5.206-0B 8.660-03 1.882-04 8.861.-0:\, 
3.00("09 '3.266 -06 2.327-02 7.314-05 1.839.01 4.022-01 1.8P.2+01 1.550-11 1.104-05 3.471-08 R. 727-03 1.909-04 p, .929-03 
4.000+0'1 1.1'3'-08 1.796-02 5.&85-05 1.8n+Ol 4.055-01 1.889 +0 1 8.717-12 8.523-06 2.603-0f, B.765-03 1.92&-04 R.966-0;< 
5.000+09 1.17,;-08 1.469-02 4.387-05 1.852+01 4.076-01 1.89hOl 5.581-12 6.971-06 2.082-08 R.78S-03 1.934-04 1>.989-03 

6.0fOt09 8.16;-09 1.245-02 3.656-05 1.855+01 (,.090-01 1.897+01 3.P74-12 5.908-06 1.735-08 8.803-03 1.941-fl4 9.0!l3-03 
8.COO+09 4.59!-09 9.595-03 2.7&2-05 1.8~0+O1 t..l 09-0 1· 1.902+01 2.179-12 4.553-06 1.3Ql-66 8.8 26-C 3 1.950-04 9.026-03 
1.000+10 2.931-09 7.834-03 2.193-05 1.P-53+01 &.121-01 1.905+01 10395-12 3.717-06 1.0&1-/)e 8.841-113 1.956-04 9.01.0-03 
"~OO+10 1 .300-09 5.414-03 1.462-05 1.861+01 4 .131-01 1.909+01 6.197-13 2.569-06 6 .938 -09 8.86C-()3 1.963-~1. q .OSe-03 

2.000+10 7.343-10 4.162-03 1.096-05 1.859+01 4.147-01 1.911+(11 3.487-13 1.975-06 5.201-09 8.869-03 1.968-04 9.068-03 
~.nOO+l0 3.26'>-10 2.870-03 7.309-06 1.871+01 4 •. 156-(11 1.913.01 10550-13 1.362-06 3.468-09 8.879-03 1.972-01. 9.077-03 
~.OCOtl0 1.1337-10 2.204-03 5.482-06 1.812+(11 4.162-01 1.914001 8.717-14 1.046-06 2.601-(19 S.8f'3-03 1.975-04 9.08;>-03 

5.000+10 1.17,,-10 1.795-03 4.386-1)6 1.873+01 4.165-01 1.915+01 5.581-14 F.S18-07 2.081-09 8 .8F ~-o 3 1.976-~1. 9 .OR 7-03 
6.000t1q 8.16\-11 1.517-03 3.655-06 1.873+01 4.167-01 1.915+01 3.874-14 7.,99-07 1.734-09 8.888-03 1.977-04 9.0B6-(l3 
8.000+10 ,.59?-11 1.163-03 2.741-06 1.874·+01 4.170-01 1.916.+01 2.179-14 5.519-07 1.301-09 8.893-03 1.979-04 9.091-03 

10000t11 2.9'H-11 9.463-04 2.193-06 1.874+01 ~~l1z-01 1.916+01 10395-14 &.491-07 1.041-09 8.893-03 1.980-04 9.091-03 



TABLE 6. CrosB sections and mass attenuation coefficients for the individu&l and total photon at<>m int.e .... ction p~. 1 ~feV to 100 <rl:V. 
Z=l to lOO-Continued 

54. XE I xeNON ATOMIC n. = 131.29 "SO/KG .OOO&5~68 BARNS/ATOK MULTIPLY "SO/KG BY 10 FOR CHSO/S 

PAIR PRODUCTION PAIR PRODUCTION 
SCATT ER I NG SCITTERING 

PHOTON PHOTO- NUCLEAR ELEC TRON TOTAL PHOTO- NUClEAR ELECTRON TOTAl 

Efi~RGY COHERENT INCOHER. ELECTRIC FIelD FIElD COHEREH I"COHER. EtHHIC F IELO FIELD 

EV alA TOH ElATD!! 90TOM BIATOH B IA TOH S/ATOM HSO/Kt !!SO IKG HSOIfG MSO/KG HSO/KG H~Q/KG .., 
1.000+06 3.061-01 1.136+01 9.4111-01 110000 0.000 10261+01 10404-14 5.211-03 40312-04 n.ooo 0.000 5.782-03 ~ 
1.122·06 2.932-01 1.124+01 P.995-C1 0.000 0.000 1.243+01 1.345-~' 5.156-03 4.126-04 0.000 0.000 5.70:"-03 ;; 
1.250+06 1.967-01 1.017+01 1>.066-01 4.17!-O2 0.000 1.102+01 9.022-15 4.665-03 2.782-04 1.914-05 0.000 5.052-03 ~ 

1. 5~O+06 1.369-01 9.252+00 4.3&1-01 1.930-01 a.ooo 1.002+01 6.279-05 4.24'-03 1.991-04 8.853-05 0.000 4.594-03 -t 
2.tOO+06 7.717-02 7.902+00 2.641-01 6.478-01 0.01)0 8.891+00 3.540-15 3.625-03 10211-04 2.971-04 0.000 4.071'-.03 :;u 

Z.H4+01i 7.390-02 7.805+00 <.548-01 6.918-01 0.000 8.825+00 3.390-t5 3.580-03 1.169-04 3.173-04 0.000 4.048-03 :;; 
3.COO+06 3.436-02 6.222+00 1 .41!0-O 1 1.626+00 2.176-03 8.025+00 1.576-~5 2.854-03 6.422-05 7. 4~l'-04 'i.981-07 3.681-03 .-m 
&.~OO+06 1.934-02 5.191+00 9.266-G2 2.487+00 8.874-03 7.799+00 8.871-&6 2.381-03 '.250-05 1.141-03 4.07~-06 3.577-03 :' 
5.~OO+06 1.238-02 4.484+00 6.8t.9-02 3.229+00 1.766-1)2 7.812+00 5.678-(6 2.057-1:3 3.142-05 10481-03 8.100-06 3.5!\3-03 

6.~OO+06 8.599-03 3.964+00 5.403-02 3.868+00 2.710-02 7.922+00 3.944-M 1.818-03 2.478-05 1.774-03 1.243-05 3.634-03 ~ 
7.(00+06 6.318-03 30563+00 & .448-02 4.436+00 3.649-02 8.086+00 2 .898-~6 1.634-03 2.040-05 2.035-03 1.674-05 3.70Q-03 Z 
8.rnO+06 4.838-03 3.243+00 3.773-02 4.947+00 40558-02 8.278+00 2.219-~6 1.488-0~ 1.731-05 2.269-03 2.091-05 3.797-03 C 

c;.~or+C6 3.823-03 2.981+00 3.273-02 5.411+00 5.427-02 8.483+00 1.754-16 1.367-03 1.501-05 2.48;>-03 2.489-r5 3.891-03 -t 
1.rOO+07 3.096-83 2.762+00 2.887-02 5.1';36+00 6.252-02 8.692+00 ,,420-M 1.267-03 '1.324-05 2.677-0 '3 2.868-05 3.987-03 0 
1.100+07 2.559-03 2.576+00 2.582-02 6.ZZ8'0u 7.033-02 8.903+00 10174-16 1.182-03 1018&-05 2.857-03 3.226-05 &.084-03 -t 

1.,00'07 2.150-03 2.416+00 2.334 -02 6.%0.00 7.76/1-02 9.109.00 9.862-17 10108-03 1.(171-05 3.023-03 3.563-05 4.178-03 ~ 
10;1)0+07 1.832-03 2.276+0C 2.129-0l. 6.929+01) l!.461-02 9.313+00 8.403-17 1.044-(\3 9.765-06 3.171!-03 3.881-05 4.272-03 r-

1-jOO+07 1.580-03 2.153+00 1.956-02 7.240+00 9.120-02 9.505+00 7.247-17 9.875-04 8.972-1)6 ,3.321-03 4.1e3-05 4.360-03 ~ 
1.~00+07 1.376-03 2.044 +00 1.810-02 7.529+00 9.7£3-02 9.690+00 6.311-17 9.375-04 8.302-06 3.453-03 4.469-05 4.445-03 -t 

1.fOO+07 1.210-03 1.947+00 1.683-02 7.796+00 1.033-01 9.864+00 5.550-17 8.931-04 7.720-06 3.576-03 4.738-05 4.525-03 0 
10800+07 9.558-04 10 779+00 1.476-02 8.283+00 1.143-01 10019+01 & .384-17 8.160-04 6.770-06 3.799-03 5.243-05 4.675-03 :c 
",.000+07 7.742-04 1.641-00 1.315-02 8.71"+00 1.243-01 1.050+01 30551-17 7.527-04 6 .032-06 3.999-03 5.701-05 4.815'-03 n 
2.200+07 1>.398-04 1.524 +00 1.185-02 9.115+00 1.334-01 1.078"01 2.935-H 6.9:90-04 5.435-06 4.181-113 6.119-05 4.947-03 
2.tOO+07 5.376-04 1.&2'+00 1.078-02 9.475+00 1.418-01 1.105+01 2.466-17 6.532-04 4.945-06 4.346-03 6.504-05 5.C69-03 n 
2.600+07 4.581-04 1.337+00 ~.887-03 9.B03+Go 1.495-01 1.130+01 2.101-11 6.133-0' 4.535-06 4.4Q6-03 6.857-05 5.183-03 ;:IIJ 

2.800+07 3.950-04 10262+00 ~.131-t3 1.010"01 1.566-01 10153+01 1.812-&7 5.789-04 4.188-06 4.633-03 7.183-05 5.2~8-03 0 
III 

3.000+07 3.441-04 1.195+00 g.482-03 10038+01 1.633-01 1.175+01 ., i578'-I7 5.481-04 3.891-06 4.761-03 7.490-05·· 5.3P8-C3 III 

4.000+07 1.936-04 9.493-01 6.256-03 1.150-01 1.908-01 1.265+01 8.880-18 4.354-04 2.870-0 (, 5.275-03 8.752-05 5.801-03 III 
s.onO+07 1 .2~9-04 7.9;>4-01 ~.q54-G3 1.234-01 2.117-01 1.335+01 5.683-18 3.6~5-04 2.272-06 5.660-03 9.710-05 6.1B-03 m 
6.0011>07 8.602-05 6.828-01 ~.100-03 1.299+01 2.282-01 1.391+01 3.'146-(8 ~.132-04 1.881-06 5.958-0 :; 1.047-04 6.378-03 n 
8.0110+07 4.839-05 5.385-~1 h049-03 1.395+01 2.531-01 1.474+01 2.220-18 2.470-04 1.399-06 6.399-03 1.161-04 6.76:'-03 -t 

1.000+08 :; .097-05 4.469-01 2.427-03 1.463+01 2.712-01 1.535+01 1.421-08 ;>.050-04 1.113-06 t..71'-03 1.244-04 7.041-03 0 
1.SCO+08 1.376-05 3.183-01 1.607-03 1.571+01 3.(111-01 1.633+01 6.31'-~9 1.460-04 7.371-07 7.206-03 1.381-04 7.491-03 Z 

!- 2.~00+08 7.741-06 2.495-01 1.2~1-03 1.636+01 3.199-01 1.693+01 3.551-(9 1.144-04 5.509-07 7.504-0~ 1.467-04 7.766-03 III 

... 3.0110+08 3.441-06 1.769-111 7.977-04 1.712.01 3.428-01 1.764+01 1.578-!9 8.114-05 3.659-07 7.853-03 1.572-04 8.091-01 ." 
:r & .OOO+OS 1.935-06 1.385-01 >.972-04 1.755+01 3.566-01 1.805+01 e.876-10 6.353-05 2.739-07 8.050-03 1.636-04 8.277- 03 0 ... 
!" 5.000+08 1.239-06 1.147-01 ~.773-04 1.784+01 3.660-01 10832+01 5.683-10 5.261-05 2.18'i-07 8.1B~03 1.679-04 8.40&-03 ;:IIJ 

n 6.000+08 8.602-07 9.81B-02 30974-04 1.804+01 3.729-01 1.851+01 3.946-10 4.503-05 1.823-07 8.275-03 1.710-04 8.491-03 .., 
:r e.ooo+OS 4.S38-07 7.668-02 ~.978-04 1.831+01 3.824-01 1.871+01 2.219-10 3.517-05 10366-07 8.398-03 1.754-04 8.609-0~ :c • ? 1.000+09 3.097-07 6.308-02 1.381-04 1.84<,1+01 3.887-01 1.894+01 10421-10 2oB93-05 1.0n-07 8.481-03 1.783-04 F.68/l-03 0 

~ 
1.500+09 1.376-07 4.406-02 1.586-04 ".875+0, 3.980-01 1.919+01 6.311-11 2.021-05 7.275-~8 11.600-03 1.826-04 8.803-03 -t 

2.ceo+O'l 7.741-0B 3.4 H-02 1.1R9-04 1.889+01 4.033-01 1.933+01 3.551-11 1.564-05 5.454-08 8.665-0 ! 1.1'50-04 t'.865-03 0 
3.000+09 3.441-08 2.371-02 7.'126-05 1.904+01 40091-01 10947+01 1.578-11 1.0B8-05 3.636-08 8.73!-O3 .1.1'76-04 8.932-0~ Z 

0 4.000+09 1.935-08 1.830-02 5.944-05 1.912+01 4.124-01 1.955+01 8.876-12 8.394-06 2.726-08 8.771)-03 1.892-04 8.961'-03 III 

a 
is' 5.000+09 1.?39-08 1.496-02 ~.755-05 1.917+01 4.145-01 1.960+01 5.683-12 6.862-06 2.181-08 8.79~03 1.'101-04 8.990-0! 

- 6.000+('~ 8.602-09 1.269-02 30962-0-; 1.921+01 4.159-01 1.'164+01 3.946-12 5.821-06 1.B17-08 8.811-03 1.908-04 9.008-03 

< 8.000+0f} 4.838-09 9.776-03 Z.971-05 1.925+01 4.179-01 1.968+01 2.219-12 4.484-06 1.363-08 !l.S30-0 3 1.917-04 9.026-03 

~ 1.r.CO+l0 3.097-09 7.981-03 ~.377-05 1.928+01 40191-01 1.'Hl +01 1.&21-12 3.661-06 1.090-08 8.843-03 1.922-04 9.039-03 

-0 1.500+10 1.376-09 5.516-03 1.584-05 1.932+01 4.207-01 1.975+01 6.311-13 20530-06 7.266-09 8.862-03 1.930-04 9.057-03 

- 2.00(\+ 1 0 7.741-10 4.241-03 1.1Be-05 1.934+01 4.;>17-01 1.977+01 3.551-13 10945-06 5.449-09 8.87'-03 1.934-0& 9.066-03 

Z 3.00C+10 3.4&1-10 2.925-03 1.921-06 1.937+01 4.226-01 10980+01 1.578-13 10342-06 3.633-09 11.885-0;< 1.938-04 9.080-03 
!' 4.000+10 1.935-10 2.245-11:'1 S.941-06 1.938+01 4.232-01 1.981+01 8.876-14 1.030-06 2.725-09 8.8R9-03 1.941-04 9.084-03 

!" 5.000+10 1.239-10 I.P21!-03 •• 753-06 1.939+01 4.235-01 1.982+01 5.683-14 8.385-07 2.180-09 t'.894-03 1.943-04 9.0IlQ-03 

6.000+10 8.602-11 1.546-03 J.961-C6 1.939+01 4.238-01 1.982+(11 3.946-1& 7.091-07 1.817-09 8.BQ4-0~ 1.944-04 9.0t'9-03 ... 
:0 a.000+l0 4.838-11 1.185-03 ,Z.970-n6 1.940+01 4.240-01 1.983+01 2.219-14 5.435-07 1.362-09 R .891!-0 3 1.945-04 9.093-03 ~ 
III 1.000+11 3.097-11 '1.642-04 1.376-06 1.940+(\1 4.242-01 1.983+01 1.421-14 4.423-07 1.090-09 8.898-C3 1.946-04 9.093-03 .... 
0 



!- TABLIIl 6. Cross sections and mass a~tenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV 
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~ 
n 55. CSt !:ES1UM ITeMye ~T. = 132.9054 t!SO/KG .0004531~ BARNSIATOM MULTIPLY "SO/KG BY 10 FOR CMSO/S 
0-
n 
~ p~ IR PRODUCT ION PAIR PROOUCTIOM 

'" SOTTEPIIlG SC AT 'E RING 

~ PHOTON P~QTO- NtCtEAR HfCTRI)N TOTAL PHOTO- IIIUClfAR ELFCTRON TOTAL 

~ 
E ~ERG Y Cf'fH'RENT INC~HE~. ELECTRIC fIELD r I E LD COHERENT INCOHER. ElECTRIC FIElD FIELD 

~ EV ~/ATOM P /A Tol' BIHO'" EIATOM -R/ATOM B/HOM "'SO/KG I1S0/KG MSO/KG HSO/KG I1S0/KG HSO/KG 

< 1.00(1+06 3.219-01 1.157<01 ,.,)27+00 iI.OOO a.ooo 10292 <01 1.459-04 5.242-03 4.6S3-0~ O.OO~ 0.000 5.P. 54-03 
~ 1.022+()6 ~.O~4-01 1.145+~' 9.3n--Ql 0.000 G.UO 0 1.274+01 1.397-04 5.188-0~ 4.453-0. O.OQO O~OOO 5.773-03 

.0 1.250+06 2.069-01 1.036+01 6 •• 27-0f 4.3b6-C2 0.000 1,127+0f 9.:!75-0S b .694-0 ~ 3.003-0. 1.ge7-05 0.000 S. rna-03 

Z 
1.500'06 1.4~O-01 9.422+00 4. 7 41-01 2.~2P-Ol O.COO 1.024+01 .... 525-05 4.269-01 2.148-0. 9.1 f'·9-05 0.000 4.641-03 

~ 
z.00r+06 8.17.0-02 8.(-4e .. G~ 2.fa4-01 6.774-01 0.000 ~.O95.()0 3.679-~S 3.647-03 1.30]-0. 3.069-04 0.000 4.121-03 
;>.04MOII 7.775-02 7.949+CO 2. 7 1\2-01 7.231-01 a.ooo ~.O?8+00 3.523-05 3.002-03 1.261-0. 3.2U-04 o .00il 4.091-03 

,:. 3.000+~6 3.615-02 6.337+00 1.127-~1 1.6<:3+0e 2.216-r3 S.221+00 1.638-05 2.871-03 6.919-05 7.671-04 1.0D4-l6 3.725-03 

0 
4.0rO+06 2.035-02 5.287+00 1.C11-0f 2.583+00 9.0,8-03 ".noo+oo 9.221-06 2.3'16-03 1..581-0> 1.17r.-0} 4.095-06 3.625-03 

'" 
5.000+ 0 6 1.303-02 4.567+0r 7.'67-~2 3.350+00 1.799-02 ~.0?3+00 5.91l~-06 Z .069-03 3.383-0S 1.518-03 8.151-06 3.635-03 

0 t.C~C+06 '1.049-03 4.037+eC 5.fIl9-C? 4.010+00 2.7S<;-~2 a.143tOO 40100-% 1.829-03 ;> .66"'-0; 1.817-03' 1.250-05 3 .689-03 
7.00fl+C6 6.649-03 ~.629+60 4.n 7-0? 4.~'17+0C 3.716-02 a.318+00 3.013-~t. 1.6"'.-03 2.196-0, <.0 !!3-03 1.694-05 - 3.769-03 
1!.00C+06 5.091-03 30303.10 1 .. ll1-~7 5.1?HOC ,.641-0, P.520+('O Z .307-01' 1.4N-Co 1.863-C; 2.372-03 2.103-05 3.860-03 ~ 

9.COO+O~ •• 022-03 3.03(,+00 3.;65-02 5.6r3+00 ~.526-02 '=.734+00 1.222-06 1.376 -In 1 .615 -0 ; 2.5;<;'-03 2.504-05 3.957-03 c: 
1.0eO+07 3.25~-O3 2.f'·13+0r :'>.145-02 f.tl.2tCC 6.366-1)2 ~.953+VO 104n-06 1.275-03 1.425-0\ 2.7~8-G:< 2.8E4-05 ~.057-03 l1li 

l1li 
1.10{)+07 2.,.,93-03 ;> .1>24 +ee 2.f.12-v2 6.447+00 7.161-02 S.173+00 1.22 0-06 1.189-03 1.274-~' :?nl-03 3.24$-05 4.157-0$ 1ft 
1.200+t7 2.263-03 2.4!1+00 2.>~2-02 6.622.00 7.909-02 ~.3'l"OC 1.025-06 1.115-03 10152-0S 3.091-03 3.584-05 4.255-03 ... 
1.300<07 1.9211-03 2.31~+on t .~1f,-02 7.171+00 il.IIH-O? ~.600+0G 8. 73i -p', 1.0S0-03 1.0o~-0) 3.7.49-03 3.903-05 4.350-03 r 
1.4~O+O7 1.61>2-03 2.19J+OO 2.130-0< 7.494+00 9.2115-02 ~.803+00 7.531-07 9.'f37-01. 9.651-0" 3.396-03 4.207-05 4.442-03 G) 
1.500+07 1.~1.8-03 2.0~;><or 1.g71-C? f.792+0r 9.919-Q2 ~.994+00 6.5101-0; <;.434-04 8.931-{,b 3.53 1-03 4.494-05 4.52 0 -03 i 1.600+07 1.273-03 1.,)F3+QO f.l33-t~ P..CC9+00 1.(S2-P1 1.01,;!+01 5.76&-01 8.91l~-U4 8.305-0/' 3.65f-03 4.767-05 4.611-03 
1.~~O+~7 1.006-03 1.~12+r.G 1.&07-02 il.57Z+0C 1.164-01 1.052+01 t. .558-07 8.210-04 7.281-06 3.!I84-0} 5.274-05 4.766-03 ~ 
2.~(l0·07 E.147-04 1.671+t~ 1.131-02 ?023+0C 1.265-~1 1.I'B4+01 30691-07 7.571-04 6.481.-06 4.088-03 5.732-05 4.910-03 . 
2.2~0+O7 6.733-04 1.552+00 1.,90-02 9.432+0P 1, 3S3-C 1 1.113+01 3.051-G7 7.0~2-0' ., ,84 5-06 4.274-C3 6.153-05 5.045-03 ,. 
2.40C+07 5.657-04 1.45Hea 1.173-C2 9,01)4*C:J 10443-01 :.141+01 2.563-07 6.S75-C4 5.315-00 4.442-03 6.538-05 5.171-03 Z 
2.6~0.O7 t.B20-04 1 .362 .O() 1.~7"-C? l,Og+li1 1.522-01 -.167+01 2.184-0; 6.171-04 40875-06 4.595-0 6.896-05 5.21'6-03 0 
2.I\OC.07 ~.15('-04 1.2~S+Or- 9.938-03 1.045+01 1.5"4-01 ".190+01 1.883-07 S .822-04 4.503-0~ 4.735-C3 7.223-05 5.394-03 

3.0I!C+()7 3.621-04 1.217+~O ·7.2~1~fl3 1.07&+01 1.662-01 ' .213+01 1.641-07 5.514-04 4.183-0~ 4.1'66-C:" 7.531-05 5.497-03 .g. 
&.rO('07 2.037-04 S.66S-Cl 6.COB-03 1.190+01 10942-01 "0307t01 9.230 -08 4.381-04 3.085-0~ 5.397.-(3 8.79"-05 5.921-03 < 
~.OO~+O7 1.303-04 8.~71-C1 5.391-03 1.27/>+01 2.154-01 1.379+01 5."04-08 3.657-04 2.443-0, 5.71L?-{3 9.760-05 6.247-03 1ft 

:a 
6.00(+07 9.052-05 6.954-01 4 .. 4f,2-0:;t 10344 +0 1 ;>.322-01 1,437,01 4.102-08 3.151-04 2.022-06 6.09Cl-C3 1.052-04 6.512-03 aD 
lI.one+07 5.092-05 5.484-~1 3.317-03 1 ",43+01 2.575-01 -.524+01 2.307-08 2.48S-04 1.503-0~ 6.S38-C3 1.167-04 6.90~-03 $-
1.00~+O8 3.?59-~5 4.552-01 2.S40-03 1.513+01 2.759-01 ~.586+01 1.477-08 2.063-04 f.196-0~ 6.856-0 1.250-04 7.188-03 
1.5rC+OB 1.4/8-05 3.24~-Gl 1.148-03 1.625+01 3.~64-01 -.688+01 6.561-09 1.469-04 7.920-07 7.363-(3 1.380-04 7.650-03 
2.0~r.08 8.11.6-06 2.542-01 1.~Ot-03 1,692+;;1 3.25:'-01 :.750+01 :,.691-09 1.152-04 ~.91e-07 7.667-C3 1.475-04 7.930-03 
3.~O(+08 3.621-06 1.8G l-rJ 8.S78-C4 1.77f,+Dl 3.t.8~-fi1 1.82~+~1 1.61.1-09 8.16(1-05 3.932-07 8.020-.3 1.581-04 8.260-03 
4.(ln(+~8 2.037-0{- 1.411-01 6.~97-Q" 1.;;15+01 3.629-01 1.865+01 <;..230-10 6 0393-05 2.944 -07 B.22t.-B 1.644-04 ~.453-03 

5.00r<08 1.3~3-06 1.16E-01 5.10;2-04 1.84S+tl 3.lC6-Cl -.B()~t01 5.904-10 5.292-05 2.353-07 80360-~3 1.688-04 8. Se?-03 
6.00(+08 9.051-07 1.000-(1 4.324-04 1.866+01 3.796-01 ~.914<01 4.101-10 4.531-05 1095'i-07 8.455-C:> 1.'l20-04 ~ .672-0~ 

8.00(+08 5.091-07 7.81~-C2 ·h24 v-04 1.~94+01 3.894-01 1091.1+01 7.307-10 3.539-D5 1.468-07 8.582-C3 1.764-04 8.794-03 
1.00{+()9 3.25R-07 6.l7S-0Z ?S90-~4 1 ,913+01 3.9S9-01 '.959t01 1.476-1p· ?,~"-O5 1.174-07 !'.t.6B-~3 1.794-04 R .877-03 
1.50(+09 1.448-07 4.1,1'7-0? 1.726-04 1,9:19.01 4.056-01 ' .91'4+01 6.561-11 1.033-05 7.821-0·; 8.786-eJ "838-04 1'..990-03 
2.0r.!+C9 8.14 6-08 3.k73-~2 1"294-~4 1.1'53+;11 4.111-01 - .098+01 3.691-11 1 .574-05 5.863-05 ~.84Q-(3 1.!!63-04 9·051-03 
3.00{+0·9 3.621-0E ? .. 15-02 fl.;23-C5 1,9b~'+01 4.172-01 2.013tOl 1.641-11 1.C94-C5 3.907-l!5 ~.922-C3 1.89fj-r4 Q.122-03 
4. 00~+09 2.037-01'. 1.~"4-02 6.4f.6-r:S 1.977+01 4.20li-rl l.e;:1+01 ... BO-12 e .446-0f- 2.930-U!: 8.958-P 1.907-04 9.157-03 
5.00~.09 1.303-08 1.524-02 :;.172-C5 1.$&3+01 4.2<9-01 2.~27<Jl 5.904-1~ 6."05-06 2.343-0S 8. 9& 5-("~ 1.916-04 °.184-03 
6.00(+0'1 9.051-09 1.297-02 4.310-05 1.9tb+Ol 4.245-01 i.030+01 4.101-12 5.1>54-06 1.953-08 8.999-(3 1.923 -04 9.197-03 
8.00f+09 5.0~1-0\l 0.1157-03 3.232-{\5 1.991+01 4.265-01 2.035+01 2.307-12 4.512-06 1.464 -os 9.021-(3 1.933-04 9.219-03 
1.00(+10 3.258-09 8.129-03 2.586-05 1.994+01 4.279-01 2.038+01 1.&76-12 3.683-06 10 172-0~ 9.0:5-(3 1.939-04 ~ .233-03 
1.,0(tl0 1.448-09 5.618-03 1.724 -05 1.9'19+01 4.2\16-01 2.043Hll 6.561-13 2.546-06 7.e12-0<' 9.(158-(3 1.947-04· 9.255-03 
2.00~+10 8.146-10 40319-~3 1.293-C 5 2.001>01 4.307-01 2ofl45+01 3.691-13 1.957-06 5.859-09 9.067-(3 1.952-04 9.264-03 

3.G~H10 3.621-10 2.979-03 8.617-06 2·003+()1 4.317-01 2.046+01 1.641-13 1.350-06 3,904-01- 9.076-(3 1.956-04 9.273-03 

4.00t+l0 2.037-10 2.287-(\3 6.463-06 2,004+01 4.323-01 1.01.7+01 9.230-14 1.036-(\6 2.928-01- 9.0l!1'-~:!: 10959-04 9.277-03 
5.00~+10 1.303-10 1.262-03 5.170-06 2.005+01 4.327-01 1.048+01 5.904-14 8.437-G7 2.343-09 9.0P5-n 1.961-04 9.282-03 
6.00~.10 9.C51-11 1.574-C3 4.308-06 2.006+01 4.329-01 1.049-+01 4.101-H 7.132-07 1.952-09 <;.118<;-13 1.962-04 9.2P.6-03 

~.000+10 5.091-11 1.207-03 3.231-06 2,00HOl 4.332-01 1.049+01 2.307-14 5.469-07 1.464-C9 9.089-13 1.963-04 Q .2116-03 

1.001+11 3.258-11 9.S?0-C4 2.585-06 2.007+01 4.334-01 2.C50+01 1.476-14 4.450-07 1.171-09 9.094-6~ 1.964-04 9.2Q1-03 



TAllLE 6. CroBs sections and mass attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
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56. BA. BARIU" AlOMTC liT. = 13r.33 IISO/KG .000A38;1 BARNS/~TOH MULTIPLV "SO/KG BY 10 FO~ ellSO/G 

PAlP PRODUCT ION PA H PROOUC T I (IN 

SCATTERING SCHIERING 

PHJTON .1'11010- ~UCLEAR ELECTRON TOTAL PHOTO- NUClEIR El ECTQON TOTAL 

E~, RG Y COHERENT It/COliER. ElECTR IC nElo FIELD COHERENT It~COHER • ELECTRIC F IEL! FIE LO . 
EV ~nTOH BI ATOM BIHOH S/ATnM 'B /A TOl1 BIHOH '!SD/KG IISD/KG IISO ;1(3 HSO/.G IISO/KG HSO/KG 

." 

1.030+06 3.3~3-01 1.17S-01 1.114+!)P D.OOO 0.000 10323+01 1.483-0. 5.166-03 A .885 -04 Ooeoo 0.000 5.802-03 ~ 

1.012+06 3.241-01 1.165+01 10066+00 D.OOO 0.000 1.304+01 1.421-0. 5.109-03 4.6 75-~4 O.oo~ o.OVO 5.718-03 ~ 
1.250+06 2.175-01 10055+Cl 7.190-01 ~.605-02 o.GOO 1.153+01 9.538-C5 4.626-C3 3.1'>3-~4 2.019-05 0.000 5.057-03 

-I 
1.S}O+06 1.514-01 9.5<;'3~OC 5.144-01 2.128-01 0.000 1.il47+01 6.639-05 4.207-03 2.Z56-r4 9.331-05 0.000 4.5 0 Z-03 :IV 

2.0 )0+06 1:'.535-02 8.194+0~ ~.127-01 7.078-01 il. at 0 9.300+00 3.743-0; 3.593-03 1.371-D4 3.104-04 u.r~o 4.071'-03 :; 
2.Q~&+Ofl 8.173-02 8.G93+00 ,.017-01 7.554-01 0.000 9.232+00 3.584-0; 3.S49-03 1.323-~4 3.312-04 O.oliO 4.048-03 ... 
3.010-06 3.801-02 6.452.00 1.t'56 -r.1 1.761+00 2.256-03 8.419+00 1.667-0; 2.829-03 7.262-05 7.72;-04 9.893-07 3.692-03 m 

-I 

4.010+06 2.1H-02 5.383+00 1.09~-Ol ?6&1+PO 9.201-03 R.204+00 9.380-0. 2.360-u3 4.802-05 1.176-03 4.035-06 3.598-03 ~ 

5.0aO+06 1.370-02 4.650+00 s.oal-02 Sol. 73+0e 1.831-02 8.236+00 6.008-0b 2.039-03 3.546-05 1.523-03 8.029-06 3.612-03 ~ 
6.0'JO+06 9.513-03 4.1H+OO E.376-02 1.155+00 2.80'-02 8.366+00 40172-00 1.802-03 2. 796-~5 lo8n-03 1.232-05 3.669-03 Z 
7.0!0+O6 6.()90-03 3.695 +00 5.247-02 ,.761+00 3.782-(;2 8.553+00 3.065-0. 1.620-03 2.301-)5 2.0811-03 1.658-05 3.751-03 C 
8.0~0+06 ~.352-03 3.363+00 4.449-02 ).305+00 4.725-C2 8.765+00 2.341-0. 1.475-03 1.951-)5 2 .326~0 3 2.072-05 3.844-03 

-I 
9.0 ?0+06 4.229-03 3.0'il+0t 3.858-C2 S. 799+ 00 5.625-~2 8.929+0C 1.854-06 1.355-03 1.692-')5 2.543-03 2.467-05 3.942-03 0 
1.9~O+07 3.425-03 2.864+00 3.1.03-02 0.252+00 6.480-02 9.218+00 10 502-06 1.256-03 1.492-~5 2.742-03 2.84?-05 4.042-03 -I 
1.110+07 2.831-03 2.672+00 3.042-02 6.670-00 7.289-02 9.£48+00 1.241-06 1.172-03 1.334-'15 2.925-03 3.196-05 4.143-03 ,. 
1.200+07 2.379-03 2.505-0(1 ;>.750-1)2 ?1I57-00 8.050-02 9.672+00 1.043-06 10098-03 1.206-)5 3.095-03 3.530-05 4 .241-03 ... 
1.310+07 2.027-03 2.360+00 2.508-02 '.419+00 8.768-02 9.894+00 8.889-07 1.0;15-03 10 100-)5 3.253-03 3.845-05 4.339-03 ~ 
1.400+07 1.1£8-03 2.233+00 2.304-02 7.752+00 9.450-02 1.010+01 7.665-01 9.792-04 1.010-)5 ~.3q9-03 &.144-05 4.431-03 -I 

1.510+07 10523-03 2.120+00 2.B1-02 &.060+00 1.010-01 1.030+01 6.678-07 9.296-04 9.345-)6 3.5~4-1l:! 4.429-05 4.518-03 0 
1.600+07 1.338-03 2.019+00 1.982-02 Z.346+00 1.071-01 1.049+01 5.867-07 8.1l53-04 8.691-)6 3.660-03 4.696-05 4.601-03 :c 
1.810.07 1.057-03 1.845+00 10738-0? ~.866+00 1.184-01 10085+01 &.635-07 8.090-04 7.621-'j<. :.688-03 S.t92-05 4.757-03 n 
2.CIO+C7 8.564-04 1.702+00 1.548-02 9.332+00 1.287-01 1.118+01 30 755 -07 7.463-04 6.788-~6 " .092-03 5.644-05 4.902-03 

2.200+07 7.078-04 1.51!1+fH) 1.394-02 ,.75HOO 1.382-(,1 1.149+01 !.104-07 6.'d3-04 6.113-'16 1 .. 277-03 6.060-05 5.038-03 n 
2.1. 00+07 5.948-04 1."77+00 1.269-02 t.014+01 1.468-01 10178+01 2.608-01 6.477-04 5.565-~6 4.446-03 6.437-05 5.164-03 :IV 

2.600-07 5.068-04 1.1£-7+00 1.163-02 1.049+01 1.546-01 1.204+01 2.222-07 6.082-04 5.1eO-'IL 4.600-03 6.788-05 5.281-03 0 
2.810+07 &.370-04 1.306+D!! 1.074-02 1.081+01 1062~-01 1.229 +01 1.916-07 5.736-04 4.710-.6 4.740-03 7.113-05 5.390-03 CIt 

3.0~O+07 3.807-04 1.239+00 9.980-G3 10110+01 1.691-01 1.252+01 1.669-07 S.433-1I4 4.376-~6 4.1167-03 7.415-05 5.489-03 
CIt 

£ .~~O+07 2.141-04 <;.845-01 7.350-('3 <.231+01 1.976-01 1.350+01 9.3811-08 4.317-04 3.221-~6 5.398-03 8.665-05 5.920-03 CIt m 
5. n re+07 1.370-04 6.218-01 5.827-U3 1.320+01 2.192-01 10425+01 6.008-08 3.604-04 2.555-~6 5.788-03 9.612-05 6.247-03 n 
".oro+O? 9.516-05 7.0RO-Ol 4.822-03 '.389+01 2.363-01 1.484+01 4.173-08 3.105-04 2.114-00 6.091-03 1.036-04 6.507-03 ... 
8.0·0-07 5.353-05 5.584-01 3.585 -O~ '.4""+01 2.620-01 1.573+01 2.347-01 2.449-04 1.572-06 6.!o38-03 10149-04 6.900-03 0 
1.~{O"OE 3.426-05 4.63S-(l1 2.853-03 1.564+01 2.807-{I1 1.639+01 1.502-06 2.032-04 10251-')6 6.858-03 10231-04 7.186-03 Z 

!- 1.5~O.0f\ 1.523-CS 3.301-01 1.889-C3 •• 680+01 3.116-01 1.744+01 " .678-0~ 1.448-1)4 8.2113-H 7.367-03 1.366-04 7.649-03 CIt 

... 2.0(0+08 8.564-06 2.588-01 10412-u3 '.749+01 3.311-01 1.808+01 :3.755-09 10 135-04 6.192-H 7.670-Ci:" 1.452-04 7 .929-03 
." 

~ 
3.0~0+08 3.806-06 1.834-01 9.377-04 ·.83~+Ol 3.549-01 1.884+61 1.669-0~ b.fl42-05 4.112-17 8.025-03 1. 5~6-04 8.261-03 0 
£ .0(0+08 2.141-06 1.437-01 7.021-&4 '.876+01 3.693-01 1.927+01 9.388-11 6.301-05 3.079-07 8.2<,6-03 1.619-04 8.452-0'1 :IV 

n 
5.6 (0+08 1.370-06 1.189-01 S.6le -04 .• 907+ 01 3.791-01 1.957+01 6.008-H 5.214-05 Z.460-H 8.362-03 1.66~-04 8.581-03 

... t.ara+OB '1.516-07 1.018-01 1 .. 672-04 1.929+01 3.864-01 1.978+01 4.173-1( 4.464-05 2.049-17 8.459-03 1a694-~4 R.673-03 ." 

• P.OOO+OS 5.353-07 7.952-02 3.501-04 ~.9SS+01 3.964-01 2.006+01 2.347-H 3.487-05 1.535-07 B .586-03 1.736-04 8.195-03 :t: 
! 0 

1.000+0'1 3.426-07 6.542-02 2.799-04 1.977+01· 4.031-01 2.024+01 1.502-H 20869-05 1.227-H 8.669-03 10768-04 8.875-03 ... .. 1.5~O.O9 1.523-07 4.569-02 1.865-04 20(104 + 0 1 4.132-01 2.050+01 6.618-11 2.004-05 a.H8-t8 8.7P.8-03 10812-04 8.989-03 0 • :- 2.000'09 8.564-08 3.53t-U2 1.398-04 2.019+01 4.190-01 2.064+01 3.755-11 1.551-05 6.130-~8 8.853-03 101'37-04 9.053-03 Z 
I:' 3.000+09 3.Be6-0e 2.459-02 9.31]-05 2.035+01 4.253-01 2.01'0+01 1.669-11 1.078-05 4.086-18 8.924-03 10865-04 9.121-03 CIt 

Q 4.r. or+09 2.141-ra 1.898-02 6.9a7-0~ 2.044+01 4.291)-01 2.089+01 9.38&-1. 8.323-06 3.064-18 8.963-03 1.881-04 9.16~-O3 

.i 5.r~0+O'l 1.370-08 1.552-02 5.589-05 2.049+01 4.313-01 2.094+01 6.008-12 6.806-06 2.451-.8 8.985-03 1.891-P4 9.18'-03 

< 6.0~0+09 9.516-09 1.316-02 4.657-05 2.053+01 4.330-01 2.098+;)1 4.173-1< 5.771-06 2.~42-08 9.003-03 1.899-04 9.198-03 

~ t .000+09 5.353-09 1.01£-02 3.492-05 2.058+01 4.351-01 2.103+01 2.347-12 4.446-06 1.531-18 0..0<'5-03 1.908-04 9.270-03 

1.0ro+1C 3.426-09 8.277-03 Z.794-0S 2.061+01 4.365-01 2.105+01 1.502-1< 3.630-06 1.225-08 '1.038-03 1.'914-04 9.233-03 
;0 1.~CO·16 1.523-09 5.720-03 I.P62-05 ;:.06(;+01 4.3R4-()1 2.110+01 6.618-13 2.508-06 8.165-.9 '1.06 ('-03 1.922-04 9.254-03 

Z 2.000+10 8.564-10 4.398-03 1.397-05 2.0611+i'1 4.395-01 2.112+01 3.755-13 1.929-06 6.126-09 0.068-03 1.927-04 9.263-03 

~ 3.000+10 3.!,~6-10 3.033-03 '1.311-06 2.070+01 4.405-01 2.114+01 1.669-13 1.:330-06 4.083-C9 9.077-03 1.932-04 9.272-03 

"" 
4 .060" 0 2.141-10 2.328-03 6.983-06 <.072+01 4.41<'-01 2.116+01 9.388-10 1.021-06 3. V62-09 9.086-03 1.935-04 9.28a-03 

, 5.0eO-l0 1.370-10 1.896-03 5.5~7-06 2.~73+01 4.416-01 2.117+01 6.008-lt 5.314-07 2.'50-09 9.090-03 1.936-04 9.285-03 ... .. 6.000+10 9.S16-11 1.603-03 4.656-00 2.073+01 4.411i-0 1 20117+01 4.113-1£ 7.029-07 2.042-.9 " .09f-03 1.937-04 9.28S-03 0 
oct .. 8.000+10 S.353-11 1.229-03 3.49;>-Ot; 2.074+01 4.421-01 2.118+01 2·.347- U 5.389-67 10531-19 9.095-03 1.939-04 9.289-03 '" 
0 1.000+11 3.426-11 " .999-04 2.793-06 2.074+01 4.423-01 2.118+01 10502-14 4.31'5-07 1.225-19 <;:.095-03 10940-04 9.289-03 '" 
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~ 
0 

n 57, LA. LANTHANUM nOP!TC Wh = 138.9055 MSO/KG .00043356 8ARNS/~TOH MULTIPLY "SO/KG BY 1~ rOR CHSO/G :r 
ID 

~ PArR PRODUCT/OIl PATR PRODUCTION 

'" SOTTERING SC HTE RING 

~ PflOTON PHOTO- ~UCLEAR ELECTFON TOTAL PffoTO- NUCLEAR ELECTRDN TOTAL 

" 
E'IIRGY COHERENT I~COHER • flECTRIC F"I E LD FIE LD COIlERENT INCOHEf<. ElECTRIC F I no FIElD 

Q 

,0 IV BIATOM etA TOM BIITOM B I A T0M • B 0 TOM 81ATOH HSO/KG MSO/KG ,.,SOIKG I1S0nG HSO/KG HSO IKG 

< 1.000'06 3.552-01 1.199.01 1.208.00 a.GOO 0.000 1.355'01 1.'60-C4 5.1'18-03 5·237-04 0.000 o.QOO 5.876-03 
~ 1.012'06 3.603-01 1.186.01 1.1S5.0C c.OOO 0.000 1.336.01 1.475-06 5.142-03 5.007-06 0.000 0.000 5.7 9 0-03 

,"" I.ZI0'06 2.286-01 1.073'(il 7.791-01 6.831-02 0.000 1.119'01 9.907-05 4.652-C3 3.378-04 2.096-05 0.000 5.110-03 

Z 
1.500'06 1.590-01 9.764'00 5.572-01 2.232-01 0.000 1.070+01 6.893-05 4.233-03 2.416-04 9.677-05 0.000 4.640-03 

!' c.010·06 ~.965-02 8.340-00 3.387~61 70391-01 0.000 9.507+00 3.887-05 3.616-03 1.668-0/. 3.204-06 0.000 6.122-03 

?OH·Ol> 8 .585-02 e.238.00 3.267-01 i.686-01 0.000 9.439.00 3.722-05 3.571-03 "416-04 ~.419-06 0.000 " .092-03 
,~ 3.000'06 3.992-02 6.567+0C 1.7'12-01 1.831>00 2.296-03 8.619+()0 1. 731 ~os 2.847-03 7.769-05 7.938·-06 9.9S6-07 3.737-03 

~ 
" .~10'06 2.247-02 5.479'00 1.184-01 2.781'00 9.365-03 8.410'00 9.742-06 2.375-03 5.133-05 1.201>~03 4.060-06 3.666-03 

GO 
5.rGV'06 1.439-02 4.733.00 8.745-02 ~.S99.00 1.866-02 8.452·00 6.239-06 2.052-03 3.791-0; 1.560-03 8.081-06 3.664-03 

0 6.HO'06 '1.9<;3-03 4.184+00 6.893-02 4.303'00 ? .859-02 8.595'00 4.332-06 1.814-03 2 ."88-05 ,.P66-0~ 1.239-05 3.77.6-03 

7.000'06 7.343-03 30761'00 5.671-02 6.927.00 3.&69-02 8.791'00 3.183-06 1.631-03 2.459-05 2"36-03 1.669-05 3.811-03 

a.VOO'06 ~.622-03 3.423.00 4.808-02 ~.488'00 4.808-02 9.013+00 2.437-06 1.484-03 2.084-05 2.37 0 -03 2.084-r5 3.907-03 :z 
9.0l/1>06 4.442-03 3.146'00 4.169-02 5.998'00 ~. 726 -02 9.247'00 1.926-06 1.366-03 1.~07-05 2.600-03 2.682-05 4.009-03 c: 
1.000+07 ~.5"8-03 2.915.00 3.676-02 t.46S'00 6.596-02 9.486.00 1.560-C6 1.264~O3 ·1.594-05 2.803-03 2.8~9-05 6.113-03 CD 
1.100'C7 2.974-03 20719fOO 3.286-02 t.B<i6+0C 7.417-02 9.725+00 1.289-Q6 10 179-0 3 1./.25-05 2.'f9C-03 3.216-05 4.216-03 CD 

1.2~0'C7 2.49'1-03 2.550HO 7.970-02 i.296'00 8.192-02 9.960'00 1 .~83-06 1.106-03 1.28B-OS 3.163-03 3.552-05 4.318-03 "' ... 
1.300,C7 ~.129-03 2.402. 00 ? 708-02 7.669.00 8.921-02 1.019+01 9.230-D7 1.041-0C<: 1.174-05 ,.325-03 3.868-r,5 6.617-03 !'" 
,.400'07 1.836-03 2 .273.H 2.689-02 ~,O13+00 9.616-02 1.041 +01 7.960-07 9.856-04 1.079-05 3.474-03 6.169-05 4.51?·-03 

1.5~0+07 1.50;9-03 7..158+0r 2.302-02 8.332'00 1.027-01 1.062.01 6.'132-07 9.356-04 9.<;80-06 ,.612-03 4.452-0~ 4.60.~-03 CI 
1.600'07 1.4C6-03 2.05~.ro 2.1&1-02 ~.627+0C 1.090-01 1.081+01 6.096-07 8.909-06 9.282-01> ~.740-03 4.726-05 4.b88-03 i 
1.300+07 1.111-03 1.878'00 1.277-C2 ~.163'00 1.205~OI 1.118.01 4.B17-'~7 f .142-04 8.137-06 3.972-03 5.224-05 6.848-03 

?onO+07 8 .997-06 1.732.00 1.671-02 ".663.0r 10310-01 1.152.01 3.901-07 7.5 09-04 7.244-0t 4.11'1-03 5.679-05 4.996-03 ~ 
7.200"07 7.~36-04 1.60 0 .00 1.505-02 10008+01 1.406-01 1.185.01 3.224-07 6.9.76-04 6.525-06 4.370-03 t.090-05 5.135-03 

2.400'07 6.248-06 1.503'00 1.370-02 1.068.01 1.494-01 1.215.01 2.709-C7 6.516-04 5.930;-06 4.543-03 6.477-C5 5.266-03 > 
2.6flO'07 50324-04 1.412 .. 00 1.256-02 1.084 +01 1.575-01 1.242.01 2.308-07 6.122-04 5.445-06 4.700-C3 6.828-05 5.386-03 :z 
2.800'07 4.~90-r.4 1.332'00 1.160-02 10 117.01 1.650-01 1.268.01 1.990-07 5.775-0 4 5.02'1-06 4.8 1.3-03 7.153-05 5·497-03 t:I 
3.000'07 3.999-06 1.261+0C 1.~77-02 1.147+01 1.720-01 1.291+01 1.734-07 5.467-01. 4.66't-Oo 4.973-03 7.457-05 5.599-03 -e 
4.000'07 2.249-04 1.002+0li 7.943-03 1.271'01 2.010-01 1.392+01 9.750-08 4.364-04 3.444-06 5.510-03 8.714-05 6.035-03 < 
5.000'07 1.439-04 1;.364-01 6.28 9 -03 1.363.01 2.229-01 1.470+01 6.239-0f 3.626-04 2.727-06 5.909-03 9.664-05 60371-03 "' 6.000.07 9.997-05 7.207-01 5.204-03 1043S·01 2.403-01 10532+01 4.334-08 3.124-04 2.256-06 6.221-03 1.042-04 6.t40-03 lIII 

8.00/)+07 5.623-0~ 5.664-01 3.869-0 3 1.561.01 2.664-01 1.625.01 2.438-0~ 2 .464~06 1.677-06 6.681-03 1.155-04 7.044-03 CD 

1.000+08 3.5'19-05 4.712-01 3.079-03 1.616.01 2.~54-61 1.692+01 1.560-08 2.045-04 1.335-06 7.01l6-03 10237-04 7.336-03 -e 
1.500+08 1.599-05 3.360 - Of 2.038-03 1.73S-01 3.169-01 1.~OO.OI 6.932-09 1.457-04 8.835-07 7.522-03 1.374-04 7'806-03 

2.0~0.08 8.9'17-06 2.634-01 1.523-03 '.8\)7'01 3.367-01 1.867+01 3.901-09 1.142-04 6.603-07 7.834-03 1.460-04 8.095-03 

~.OOO.08 3.9'19-06 1.8·67-01 10012-03 1.890·01 3.609-01 1.945'01 1.734-09 8.094-05 4.?87-07 8.1 <:'4-03 1.565-04 8.432-03 

4.0~n.08 2.249-06 1.462-01 7.575-0£ 1.938+01 3.755-01 1.990.01 9.7,0-10 6.338-05 3.284-07 8.1.02-03 1.628-04 8.628-03 

5.0'JO+08 1.439-06 1.210-01 6.054-06 10970.Vl 3.856-01 2.021'01 6.239-10 5.246-05 2.625-07 8.541-03 1.672-04 8.761-03 

6.0GC.08 9.9'16-07 1.036-01 5.041-04 1.992·01 3.930-01 2.042'01 4.334-10 6.691-05 2 .18S~07 8.636-03 1.704-06 8.852-03 

8.00 O. 0 8 5.623-07 8.096-02 3.777-06 2.022·01 6 .032 -01 2.070'01 2.438-10 3.509-05 1.637-07 8.766-0~ 1.768-04 8.976-03 

loQ~0+09 3.599-07 6.659-02 ~.020-06 2.042'01 4.100-01 2.0'lO+Of 1.560-10 2.887-05 1.309-07 8.853-03 1.777-04 9.060-03 

1.500.09 1.599-07 4.650-02 ~.O12-04 2.070'01 4.203-01 2.117.01 6.<;32-11 20016-05 8.723-08 8.976-03 1.822-06 9.177-03 

2.0l0.09 8.997-08 3.599-02 1.509-04 hOP5+01 4.261-01 2.t:31+()1 3.'101-11 1.560-05 6.542-08 9.039-03 1.~47-04 9.240-03 

3.000.09 3.9'19-08 2.503-02 1.005-0£ 2.102+01 4.326-01 2.148-01 1.734-11 1.085-05 4.357-08 9.113-03 1.875-04 9.311-03 

4.0~0'O'l 2.249-08 1."37.-02 7.538-05 2.111'U1 4.364-01 2.157+01 9.750-12 8.376-06 3.26fs-06 9.1S2~O:'l 10 e92-04 9.350-03 

5.000.09 1.439-08 1.579-02 6.030-05 2.117'01 4.387-01 2.162'01 6.239-12 6.846-06 2.614-08 9.17B~03 1.902-04 9.375-03 

6.0~O.O9 9.<191;-01/ 1.339-02 5.025-05 ,.121~iJl 4.406-01 2 .H6~()1 4.334-12 5-805-06 2.179-08 9.195-03 1.909··04 <1.392-03 

F..~GO.09 5.623-09 1.032-02 3.76B-05 2.126.01 4.426-01 2.171+111 2.438-12 40474-06 t .634-08 9.217-03 10919-04 9.413-03 

1.0!n.'0 3.59'1-09 8.425-03 3.0 14-~5 2.179·01 4.440-01 2.174+01 1.560-12 3.653-06 1.307-08 9.23"-03 1.925-04 9.4?6-03 

1.5~0.10 1.599-09 5.822-03 2.009-05 2.134 +0 1 4.458-01 2.179'111 f .932-13 2.524-06 8.710-09 9.252-03 1.933-04 9.&47-03 

2.090+10 e.997-10 4.476-03 1.507-05 2.136+01 4.470-01 2.181+01 3.901-13 1.941-06 6.533-09 9.260-0~ 1.938-04 9.456-03 
3.0aO+l0 3.9~"'-10 3.087-03 1.005-05 2.139+C1 4.4P.O-Ol 2.186+1)1 1.734-13 1.338-06 4.357-09 9.273-03 1.942-04 9.469-03 
4.0,10.10 2.249-10 2.37~-03 7.535-06 2.140+Cl 4.487-01 2.185+()1 9.750-14 1.027-06 3.267-09 9.278-03 1.945-04 9.4 73-0~ 

5.0~O"0 1.43'1-10 1.'130-03 6.028-06 2.141-01 4 .691-01 2.1P6+D1 6.239-14 !! .367-0 T 2.613-09 9.262-03 1.947-04 9.4711-03 

".0~0+10 9.996-11 1.631-03 5.023-06 2 .141+01 1..494-01 2.186'01 4.334-14 7.071-07 2.17~-09 9.2R2-03 1.968-04 9.478-03 
8.000+10 5.623-11 1.251-03 30767-06 2.142+01 4.497-01 2.187+01 2.438-14 5.424-07 1.633-119 9.286-03 1.950-04 9.482-03 

1.0~O+11 3.599-11 1.018-03 3.014-06 2.1£2.01 4.499-01 2.187.01 10560-14 4.413-07 1.307-09 9. 21! 6-03 1.950-04 9.4112-03 



TABLE 6. Cross sections and mass a.ttenuation coefficients for tbe individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
Z=l to lOO-Continued 

1 • 58. CE. CERIUM nOMIC '11. = 140.12 MSO/KG = .00042<;178 eARNS/HOM '!UlTJPLV !lSO/KG BY t~ FOR C!!SO/l: 

PA IR rROOUCTION p. tR PRODUCTION 
SCHHRING SCATTER rNG 

PHOTON PHOTO- r.lJClfAR ElECTRON lOHL PHOTO- i'lUctnR E;lECTRON TOTAL 
!:NERGY COHERENT INCOHER. [LECTR Ie FIF-Hi FIEL!) COHERENT INCOMER. ELECTRIC FI Elll FIELIl 

EV B/ATO~ Il/nOM IlIATOI1 p./A TOM B/ATO!! BIA TO 11 I1S0lKG IISO IKG I1S0/Ke HSU/KG MSO/K, IISO/KG 
." 

1.000+06 3.730-01 1.219+{ll 1.306+00 0.000 0.000 1.387+01 1.603-04 5.239-03 5.613-04 o.o~() 0.000 5.96 1 -1I3 
,. 

1.0?2+06 3.573-01 1.207+01 1.250+00 0.000 0.000 1.368+01 1.536-1l4 5.187-03 5.372-04 0.0(\11 0.000 5.818-03 ji 
1.250-06 2.398-01 1.092+01 g,'27-0t 5.06&-1)2 0.000 1.205+&1 1.031-(,& 4.693-03 3.622-0& 2.tH-OS 0.000 5.180-03 
1 ",;:(\0.111. 1" .. A7n_l'I1 ¥.9'u+oa 6.~2f.-01 ?340-01 O.O~O 1.094+1l1 7.177-05 & .269-0 3 2.590-94 1.006-0& 0.000 4.?nl-03 ;: 2.00e+06 9.&16-02 8.U~6+0(} 3.662-01 7.7H-Ol 0,000 q.718+00 4.G&7-05 ' 3.6&7-03 1.574-04 30315-04 o .!lOU 4.1 (0-0.$ :; ;>.aU-a6 Q.OI7-02 8.382+00 3.532-01 8.227-01 0.000 9.6&8+00 3.815-05 3.602-0~ 1.518-04 3.536-0. O.OOIJ 40147-03 .... 
3.~0l.'.06 4.194-02 6.682-00 l.q36-01 1.902+00 2.336-03 8.822+00 1.802-05 2.872-03 8.;20-05 fl.I7&-G4 1000&-06 3.191-113 m 
& .00l)+06 ;> .361-02 5.576+00 10279-01 2 .~83+1I11 9.528-n3 8.620+00 10015-05 2.396-03 5. &97-05 1.239-03 4.095-06 "3.705-03 ,:of 
5.000<06 1.511-02 4. f!16+rO 9.U2-li2 3.726+0fl 1.e96-02 8.670+00 6.494-06 2.C 70-03 4.058-05 10601-0! 8.H9-06 3 .72"~03 > 6.0CO.06 1.050-02 4.257+00 1.UO-02 1 .. 452+00 2.91)9-02 8.823+06 4.513-06 1.530-03 3.19&-05 1.913-0~ 1.250-05 "3.79?-03 
1.000+06 7.713-03 3.827. 00 6.120-02 5.096+00 3.91 ~-O2 9.031.00 3.315-06 1.645-03 2.630-05 2.190-03 1.683-05 3.8111-03 Z 
~.~0,.+06 5.906-03 3.483+00 5.181:1-0" 5.074+00 4.891-02 9.26& +00 2.538-06 10491-03 2.230-05 2 .4~9-03 20102-05 3 .9~1-03 C 
9,OOO"'Or., 6.666-0'3 :'''''i!O~ f 00 4.497 r.2 <,. ~99·00 5.923-02 Q .500"00 2.00S-01. 1. 37 ... -n~ 1 .Q~'-n'i './dll..-O'1. ~ .~03-n5 I .. OR7-03 -4 
1.00e.07 3.180-03 2.967+011 ,h966-G2 6.681 +00 6.708-02 9.759+00 1.625-06 10275-03 1.704-05 2.871-0~ 2.883-05 4.194-03 0 
1.100+07 3.124-03 2.767+00 3.545-02 7.125+00 7.54S-(J2 1.001+01 1.343-06 1.189-03 1.524-05 ".0"2-03 3.2&3-05 &.300-03 -4 
1.200+07 2.625-03 2.595+00 ,.203-0, 7.537+0G 8.333-02 1.025+01 1.128-06 1.115-03 1.377-05 3.239-03 3.58'1-05 &.1.05-03 

,. 
1.300+07 2.237-03 2.4&5+0il 2.921-C2 7.~21+00 9.015-02 1.049+01 9.614-07 10051-03 1.25S-0S 3.404-03 3.900-05 4.508-03 

.... 
1.400.07 11929-03 2.313+00 2.684-G2 8.276+00 9.781-02 1.072+01 8.290-07 9.941-04 1.15&-05 3.551-03 4.204-05 .4 .605-03 

,. 
1.500+07 1.680-03 2.196+00 2.482-02 8.606+00 1.045-01 1.093+01 7.220-07 9.438-~ 4 1.067-05 3.699-03 4.491-05 4.699-03 -4 

0 1.600+07 10477-03 2.0Ql+00 2.308-02 8.911+00 1.108-01 1.114+01 6.348-07 8.987-04 9.919-116 3.830-03 4.762-05 .4.787-03 
~ 1.800+07 1.161-03 1.911+00 2.024-1)2 Q .464+00 1.226-01 1.152+01 5.016-07 8.213-01. 8.69<;-06 4.061-03 5.269-05 4.951-03 

21IjUC+U ( V.4""t-04 •• rOot TOU (.L'!IO '-02' ".'itH)T('j(" !.~:lZ-01 1.,t"7"i"01 4.06£-07 1'.::;73-04 7.740 06 4.~S1 0'3 5 .7~S-OS 5.103-03 ;; 
2.200+1)7 7.811-0! 1.637+00 1.623-02 10041+111 1.1.30-01 10221+(11 3.357-07 7.035-0£ 6.<;15-06 4.474-03 6.146-05 5.246-03 n 2.400+07 6.563-04 , .5!D+00 1.&76-02 100a2+01 1.S19-01 1.252+01 2.821-07 6.576-04 6.34£-06 4.651)-03 6.528-05 5.380-03 :IIg 2.600+07 5 .592-0~ 1.436+00 1.354-02 1.119+01 10602-01 1.280+01 2.403-07 0.172-04 5.819-06 iuS 0'1-0 3 6.885-05 5.501-03 0 ~ .8'00 ... 07 4.8:22-0/, 1.355+00 1.,,,n_n, 1.1 1:j;'1i+01 1.67R_Ol 1.3n7+01 2.0n-1I7 5.623-0& 5.372-06 4.955-03 7.212-05 5.615-03 :a 3.00P+Q7 ~ .700-04 1.283+.,0 1.161-02 10185+01 10 74 9-tH , .332+01 1.805-(17 5.514-04 4.990-06 5.09:"-03 7.517-C5 5.725-03 
4.000+07 2.363-04 1.020+GO 11.561-03 1.313+01 2.044-01 1.&36+01 1.016-07 4.384-0& 3.679-06 S.b43-03 8 .185-~ 5 6.173-63 U\ 
5.&00'07 1.512-04 I' .511-01 6.777-03 1.408+01 2.266-01 I.S16+01 6.498-08 3.658-04 1'0913-06 6.051-03 9.739-05 6.517-03 m 
6. t 00+ ~ 7 1.050-04 7.333-01 5.608-03 1.482+01, 2.'43-01 1.580+01 4.513-08 3.152-0& 2.410-06 6.369-03 10050-04 6.792-{)3 n 

-4 ~.OOOH7 5.?07-05 5.784-01 4.169-03 1.591+111 2.708-01 1.676+(11 2.539-08 2 .486-0~ 1.792-06 6.838-03 1.164-(14 7.205-03 5 1.000+08 3.780-1)5 4.eOO-OI 3.318-03 1.668+01 2.901-01 1.745+01 1.625-08 2.063-04 1.426-06 7.169-0:-' 1 .24 7-~4 7.501-03 
1.SCO+08 1.680-05 3.418-01 2.196-03 1.792+01 3.22ll-01 1.859+01 7.220-09 1.469-04 9.43P-07 7.702-03 1.364-C4 7.988-03 Z 
2 .O~O+OR 9.451-06 2.680-01 1.641-03 1.865+01 3.4241-01 1.926+01 4.062-09 1.152-04 7.053-07 8.015-03 1.&70-04 8.278-03 

U\ 

3.o001'Oa 4.200-06 1 •• 00-01 1.t90-~~ 1.4~1. 01 3.<nSc- 01 ~.t)07.01 1.805-0<; I?' .16.6-0-:; 4.{,Q5-07 ~. 3-QS-GJ' 1·57;;-M. 10 .(..7,_0" "" 4.0(11)+08 2.363-116 1.488-01 8.161-04 2.001+111 3.814-01 2.054+01 1.016-09 6.395-'05 3.507-01 8.6410-03 1.639-~4 II .828-03 0 
S.OOO-OS 1.512-06 1.232-01 6.522-04 2.033+01 3.915-01 2.085+01 6.4QS-lll 5.295-05 2.803-07 8.131-03 1.683-0& 8.959-03 

:IIg 

eo. 0 nO+08 1.050-06 1.~55-01 5.431-04 2.057+01 3.989-01 2.107+01 4.513-10 4.534-05 2.334-07 8.841-03 1.714-n4 9.058-03 "V 
e .000+08 5.907-07 8.236-02 40070-(14 2.088+01 4.1\93-01 2.137+01 2.539-10 3.540-05 1.749-07 8.974-03 1.759-04 9.185-03 ::x: 
1.000+09 !.7eO-07 6.776-0, 3.254-~4 ;1 .108+01 4.162-01 2.156+01 1.625-10 2.912-05 1.398-07 9.060-03 1.789-04 9.<68-03 0 
1.500+09 1.68<0-07 &.732-02 2.168-04 2.131+C1 4.265-01 2.184"01 7.220-11 Z.034-0S 'I.318-!l1' 9.H'4-03 1.833-04 9.388-03 -t 
;:>.00(1+09 9.451-08 3.662-02 1.625-Ct. 2.153+01 4.324-01 2.200+01 4.062-11 1.514-05 6.ge4-0e 9.253-03 1.858-04 9.455-03 0 
3.000+0 , 4.l00-118 "2.546-02 1.083-C 4 2.170+01 4.389-01 2.216+01 10805-11 1.094-05 4.651.-06 9.326-03 1.886-04 9.526-03 Z 
A,llOU+O'i ~ .~e~-u1S 1t'100"'U£ O.IZ!-U:> l" '1"~() 1 IU4Z7-01 ~.~Z"T01 1.016-11 0.449 06 'l.4t;-O os 9.3 .... 5 03 1.<)03-04 (l.S{,4-03 U\ 
5.000+09 1.512-08 1.607-02 6. &96-05 2.185+01 4.450-01 2.231 +01 6.498-12 6.907-06 2.792-0b 9.391-03 1.913-04 9.58Q-03 
6.00n+09 1.0;0-08 1.363-02 5.413-05 2.189+01 4.461-01 2.235+01 " .513-12 5.1'58-06 2.326-08 ~.408-03 1.920-04 9.606-03 
l!.OOC+09 5.<f07-0'l 1.050-02 ".060-05 2 .1114+01 " .&89-01 2 .240+01 2.539-12 " .513-06 1.745-08 S".429-03 10929-04 9.627-03 
1.000+10 'l.1S0-1l9 8.573-03 3.2&7-05 2.198+01 ".503-01 2 .246+01 10625-12 3 .684-06 1.3"5-08 9.447-()3 10935-04 9.644-03 
10500+10 1.6110-09 5.92 5-03 2.165-05 2.202+Dl 4.522-01 2.2&8+01 7.220-13 2.5&6-06 9.305-09 9.464-03 1.9&3-{)4 9.e61-03 
2.000+10 9.451-10 4.555-03 1.624-05 2.205+01 4.533-01 2.251+\11 4.1162-13 1.958-1)6 6.Q80-09 9.477-03 1.948-04 0.673-03 
3.000+ 10 4.200-10 3.141-03 1.082-05 2.207+01 4.544-01 2.253+01 10805-13 1.356-01, 4.650-09 9.485-03 1.953-04 9.61.12-03 
L .000+10 2.363-1U 2.412-03 8.117-06 2.2(;9+01 4.551-01 2.255+01 1.016-13 1.037-1'6 3.489-09 9.494-03 1.956-1)4 9.690-03 
5.0GC+I0 1.512-10 1.9t>4-03 6.494-06 2.210+01 4.555-01 2.2S6+01 (, .49~-14 ~.1 .. &1-0 7 2.791-0($ 9.&ge-03 1.958-01. q .695-03 
6.000+ 10 1.050-10 1.660-03 5.411-06 2.210+01 4.551-01 2.256"01 4 .513-14 7.1'34-07 2 .326-09 90498-03 1.958-64 0.695-03 
F. .~O~+10 5.901-11 1.273-03 4.059-00 2 .211+~1 4.560-01 2.2>7+01 2.539-14 5.471-07 1.744-09 9.502-03 1.960-04 9.699-03 g 1.000+1 I 3.780-11 1.636-03 3.241-06 2.211+01 4.563-01 2.257"01 1.625-14 4.452-01 1.395-Q<; 9.502-03 1.961-04 9 •. 69Q-03 



!- TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
0 .... Z=l to 100--Continued ". 
~ ~ 

9 z = SQ, PR J PRASEODYH (~~ . ATOH IC ~T • = 1£0.9077 "SOIK~ = .00062738 BARNS/ATOM f.!uLTIPLY "SO/KG BY 10 FOR C'1S0/G 

~ PA J~ FRODUCT 10~ P IIR PRooue 11 ON 

'" 
S(:ATTERING SC AT TE R I t;G 

PHOTON PHOTO- NUCLEIF ELECTRoN IOTAL PHOTO- NUCLEAR ELECTRON rCT At 
PIERGY CD4ERENT IN~OHER • ELECTR Ie F lELa FIE LO COHERENT INCOHH. ELf eTRI C F I ~LO FIELD 

C 

~ EV E/ATO'1 B/UO~ B/Hn" B/Alel' B 0. Tn~ B/ATDI' HSO/KG HSO/KG "SOIKr, MSn/K(; HSO/KG Hsn I~ G 

~ 1.0"0·06 3.917-01 1.240.01 1.611+00 0.000 0.000 1.420.01 1.674-04 S .299-03 6.030-04 Q.GOO O.COO 6.070-03 
1.022+06 3.752-01 1.227+01 1.350+Cr. 0.000 0.000 10400+01 1.604-04 5.244-';3 5.770-04 0.000 0.000 5.'181-03 

~ 1.250.06 ?519-01 1.111 +01 <;.103-01 5.305-02 o.OPO 1.233+01 1.077-04 4.748-03 3.890-04 2.267-05 0.000 5 .26~-03 
1.500+06 1.753-01 10011 +01 6.50&-01 2.451-01 o.OGO 1.11B+Ol 7.492-05 4.321-03 2.781-04 1.047-04 O.OOG 4.779-03 

~ ., .000+06 9.e.90-02 8.632+00 3.954-0' B.046-01 0.000 9.931+00 4.227-05 3.689-,; 3 1.690-0/. ... 439~04 O. ~ Oli . 4.244-03 
?OH+06 9.471-02 8.526<00 3.814-01 8.579-01 J.ooo 9.860+00 4.048-05 3.64/,-03 1.630-04 3.666-06 0.000 4.214-03 

.A. 3.00~+06 4.405-02 6.797+0C 7.089-01 1.Q74+0r. 2.377-03 9.026+00 1.803-05 2.905-C3 ?928-0) 8.4~6-04 1.016-r6 3.858-03 
4.0QO+06 2.480-02 5.672+00 1.380-01 2.987+00 9.691-03 8.1'31+00 1.06C-05 2.426-03 5.B98-P5 1.277-03 4.'42-r6 3.774-03 : 5.000+06 1.588-02 4 .~99+00 1.018-01 3.P56+CO 1.929-02 8.892+00 (,0 787-06 2.094-03 40351-05 1.648-03 8.244-"6 3 .80~-03 

0 6.00C+06 1.103-02 I, .330 + ltC' 8.021-!i2 4.604+00 2.958-02 9.055+00 4.7H-06 1.851-03 3.42e-OS 1.9M-03 1.264-05 3.87C-U3 
7.000+06 8.102-03 3.8'12+00 6.596-02 5.267+00 3.983-02 9.273+00 3.463-06 1 .6f,3-0 3 2 .~19-0 5 2.251-0~ 1.702-05 3.'103-03 
8.000+06 6.204-03 3.543+00 S.5'fl-~2 5.86,+00 4.975-02 9.517+00 2.651-06 1.514-03 2.389-0 S 2.50 5-0 ~ 2.1U-05 4 .067-0~ :::z:: q .000+06 4.902-03 3.257+00 " .8&6-02 6.&03+0C 5.922-02 9.773+00 2.095-06 1.392-03 2.071-05 2.n6-03 2.531-05 &.177-03 C 110\'0"'''' ~.'I7 I-Q .... .l,VI{'I+OV 4.,:rl-C." c e'1l,; IJ ... 00 o.~t:C-QC; ,.00,:,"'0 I 1.O"lf-UO I.C::'III-t) :': f 1t!c::C-V J C ,'14 'j-u.~ ~ ,'il O-U:> 4 .C~l::-U.T; IR 
1.100+07 3.282-03 2 .81S+0~ 3.818-02 7.358+00 7.673-02 1.029+01 1.403-06 1.203-C3 1.632-05 3.145-03 3.271{-05 4.39P-03 IR 
1.20n+07 <.758-03 2.MO+00 3.450-0<' 7.182·00 11.474-02 1.054·01 1.179-06 10 128-03 10474-05 3.326-03 3.622-05 4.506 -03 m 
1.100+07 2.350-03 2.487+00 3.146-02 8.178+00 9.2Z8-n 1.079_01 1.~04-06 1.063-03 1.345-05 3.495-0~ 3.944-05 4.612-03 F 
1. G 0~-07 ".026-03 2 .353.00 ?R90-02 e .54£+00 9.946-02 1.103.01 8.659-07 1.006-03 1.235-0S 3.6S1-0~ " '251-05 4.713-03 a 1.5 ~O+O 7 1.765-03 2.234 +OC 2.673-02 ~. 6~4 +00 1.06?-Or 1.125+01 7.543-07 9.548-04 1.142-05 3.797-03 4.539-05 4.809-03 
1.600+07 1.551-03 20127+0~ 2.485-07 9.199+~O 1.12i-Jl 1.147+01 6.629-Q7 9.090-04 1.062-05 3.9~1-03 4.R 17-05 G .9r.O-03 i 1.800+C7 1.226-03 1.944+00 ~.179-02 9.77~+00 1.21.6-01 1.186+01 5.260-07 B .308-0 4 9.313-0~ 4 .175-0~ 5.325-05 5.069-03 

~ 2.000-07 9.928-04 1.793+00 1.940-02 1.028+01 1.355-01 1.223+01 4.243-07 7.663-04 8.291-06 4 .39 3-03 5.791-05 5.226-03 
2.200+07 8.205-04 1.665+00 1.747-02 1.075-01 1.454-01 1.258+01 3.507-07 70116-04 7.466-0(, 4 .S94-0~ 6.214-05 5.376-03 

> 2.4Ce+07 6.895-04 10556+00 1.S89-02 10117+01 1.545-01 1.290+01 2.947-07 6.6S·0-04 t .791-06 4.774-03 6.603-~5 5.5'2-03 
2.6rO-07 5.875-04 1.&61+CC 1.45~-02 10155+01 1.629-01 1.319+01 2.511-07 6.244-04 6.231-06 4 .~36-03 6.962-05 5.637-03 Z 
2.8~0+07 5.065-04 1.378+00 1.346-02 1.190+01 1.706-01 1.346.01 2.165-07 5.889-04 S.752-0(' 5.086-03 7'291-05 5.754-03 C 
3.000+07 4.413-01. 1.305+00 1.250-02 , .223+01 1.779-01 1.373+01 1.88b~n7 5.577-01. C;.':Iilo.'-Oh Ii _,?7-n, 7.;;0 ·~-nc; ~ .~"'''-O~ 0-4.QOO+07 2.482-04 1.037+0;) 9.21&-03 10355+01 2.077-01 1.460+01 1.061-07 4.4:<2-64 3.938-0t 5.71'1-03 8.877-05 6.327-03 < 5.000+07 1.588-04 8.658-Gl 7.294-03 1.453+01 2.303-01 1.S63·01 6.787-08 3.700-04 3.117-06 6.210-03 9.842-05 6 .6~ 1-03 m 6.Q no- 07 1.103-0& 7.&60-01 6.036-03 1.S2~+01 2.&82-01 1.629+01 4.714-08 3.188-04 2.580-06 6. ,35-03 1.061-04 6.962-03 iIa 
8.000+07 6.205-05 5. se,3-01 4.487-03 lol-42+01 2.751-01 1.779+01 2.652-08 <,.514-04 1.9H-Ob 7.018-03 1.176-r4 7.388-03 '" 1.000+08 3 .971-05 4 .81l3-01 3.570-03 1.771+01 2 .~46-01 1.800+01 1.697-0 B 2.087-04 1. S26-0{' 7035 5-0~ 1.259-(j4 7.691-0~ -& 
1.500-08 1.765-05 3.477-01 2. ~63-C3 1.~48+01 3.269-01 1.916+01 7.543-09 1.486-0/, 1.010-0f 7.8 Q !<-Q3 1.3'17-04 8.1?7-03 
2.000+08 9.ne-06 2.727-01 1.766-03 1.9u+ol 3.471-01 1.9~l--01 4.243-09 1.165-04 f.547-07 8.U3-U3 1.483-04 8.48S-D3 
3. ~OO- 08 4.413-06 1.932-01 1.173-03 2.013+01 3.719-01 2 .07a+~1 1.8e6-09 8.257-05 5.013-07 S.603-0~ 1.589-04 8.845-03 
4.000+ 08 2.482-06 1.513-01 8.781-04 2.064.01 3.868-01 2.11S+01 1.061-0<; 6. 466-r. 5 3.753-07 8.821-03 1.653-04 9.05"-03 
5.000+08 1 .5~9-06 1.253-01 7.017-04 2 .G97+~1 3.970-01 2.149+01 6.791-10 5.355-05 2.1<99-07 8.962-03 1.697-04 9.186-03 
6.00Q-OS 1.103-06 1.073-01 5.844-04 2.121+01 4.045-01 2.172+01 4.714-10 4.586-05 2.498-07 9.065-03 1.729-04 9.284-03 
8.000+08 6.205-07 8.378-02 4.379-04 2.153+01 4.143-01 2.203+01 2.652-10 3.581-05 1.871-07 9.201-03 1.773-04 9.415-03 
1.000+09 3.971-07 6.893-02 3.501-04 2.174 +01 4.217-01 2.223+01 1.697-10 2.946-05 1.496-01 9.291-03 1.802-04 9.501-03 
1.500"'09 1.705-07 fol.O t 4-Ul i .5:ic-IJ4 l. .t.04+U I 4 .j" 1-U1 t. .t.),l+Ol (.)4.5-11 2.U5 (-05 ~ .~66-0B ~.41 ~-o: 1.847-04 9.625-03 
2.000+09 9.928-08 3.726-02 1.749-04 2.220+01 ".380-01 2 .268+01 4.243-11 1.592-05 7.475-08 9.48~-O3 1.872-04 9.691-03 
3.000-09 4.4n-0~ 2.590-0, 1.165-04 2.238+01 4.445-01 2.21>5+01 1.886-11 1.11l7-0S & .979-08 9.565-03 1090D-04 9.766-03 
&.00 0 +0 0 2.482-08 2.000-0? 8.73f,-OS 2.24f+Ol 4.483-01 ;1 .295+01 1.061-11 " .548-06 :;.734-0£ <:.607-0:< 1.916-04 9.BOP-03 
5.000-09 1.5?9-08 1.635-02 6.990-05 2.254+01 4.506-01 2 del+01 6.791-12 6.988-06 2.987-08 9.633-03 1.'126-04 q .833-03 
6 .~VO-09 1.103-08 1.386-02 5 .~24-~ 5 2.258+01 4.523-01 2.305+01 4.714-12 5.923-06 2.489-08 9.65~-03 1.933-04 9.E69-03 
~ .000+09 6.205-0'1 1.068-02 4.368-05 2.26,+01 4.545-01 2.310+01 2.652-12 4.564-06 1.867-08 9.671-03 1.942-0~ 9.870-03 
1.0Qr+10 3.971-09 p.nO-03 3.494-05 2.267+01 4 .55 Q -O 1 ? .313_01 1.697-12 3.727-C6 1.493-08 9.689-03 1.948-04 9.?87-03 
1.500+10 1 • 765-09 6.027-03 ?329-05 2 .271-01 4.578-01 2 .317-01 7.543-13 ~.576-06 9.954-09 9.7Q6-0~ 1.957-G4 9.904-03 
~.rOD'lO 9.928-10 4.633-03 1.747-05 2.214-01 4.S89-Cl 2.320+01 6.243-13 1.9.0-06 7.466-09 9.719-03 1.961-04 9.917-03 
3.000'10 4.413-10 :3 .195-03 1.165-05 2.277+01 4.600-01 2.323+01 1.P86-13 1.365-06 4.979-r9 9.7~1-03 1.966-r4 9.929-03 
4.0rO-l0 2.&82-10 2.453-03 l' .73~-Q6 2.27b+Ol 4.6C7-0 1 2.324+01 1.061-13 1.048-06 3.733-09 '1.736-03 1.969-04 9.934-03 
5.000-10 1.SPQ-l0 1.998-03 6.987-06 2.27Q+01 4.611-01 2.325+01 6.791-14 8.539-07 2 ."86-0~ 9.740-03 1.971-04 q .938-03 ".onn+1l'J ' .. 103._1 () 1 .. h,s!.Q_03 0; .R~2 _0"; ~ .. ~Rr:-+ 01 I. .. "'1 "\_0 1 I ... "'1._1'- 7_~1 R_07 :2 ... 1.91i_OO (I.7L'.-03 1 .. 071-01. o .OI.~-03 
8.000+10 6.205-11 1.295-03 ~.;67-06 2.280+01 4.616-01 2.-326+01 2.652-1l, 5.535-07 1.866-0" 9.74~-O3 1.90-04 q .94~-O3 
100~0+11 3.971-11 1.053-03 3.493-06 2.281+01 4.·61 ~-Ol 203?7+01 1.697-14 4.500-07 1.493-09 '10748-03 1.974-04 9.946-03 



TABLE 6. Cross sections and .mass attenuation coefficients for tile individual and total pboton atom interaction proCIlSSes, 1 MeV to 100 GeV 
Z= 1 to tOO-Contmued ' 

60, NO, NEODVMIUM ATO~IC VT. ~ 14&.24 MSO/KG ,OOU41750 BARN~/ATOM MuLTIPLY MSO!~G BY 10 FOR CH~O/G 

pnR PROOl;CT ION PAIR PROD un ION 
seA Tl ER I Nt ~CA1TER INC 

PHOTO'! PHOTO- NUCLfH ELECTRON TOTAl PflOlO- NUCLEAR ELEt TRON TOTAL 
ENE RG Y COHERENT INCOHEf< • ELECTRIC FIELO r JELO COHERENT tNC()~ER. [LEeTRl C FIELD FIELD 

EV BIATCH B IATOH 9/ A TO H SlAlOM B /A TO~ elATOM MSO/KG HSOIKG HSO/KG IISO/KG MSO/K!; HSOIKG 

10000+06 4.107-01 10261+01 1.572+00 0.000 0.000 .. 1.454+01 1.71~-04 5.265-93 6.314-04 0.0 ~o 0.000 [-.072-03 
"U 

1.022+06 3.934-01 1.248+01 1.457-0~ 0.000 0.000 1.433+01 1.64,-04 5.21~-03 t.083-04 0.000 0.000 5.983-03 :!! 
1.250+06 2.641-01 1.130+01 9.e21-01 S.5S3-P2 0.000 1.260+01 1.10~-04 4.71B-03 4.HO-04 2.318-05 0.000 5.?61-03 ~";JG 

1.500+06 1.839-01 1.028+01 7.020-01 2.566-01 0.000 1.142+01 7.67f-05 4.292-03 2.931-(14 1.071-04 O. COO 4.769-03 .... 
2.000+06 1.031-01 8.778+00 4.263-01 8.:88-t1 _c .coo 1.01S+1l1 4.32~-05 3.665-03 1.7!0-0!' 3.502-04 0.000 4.236-03 ::10 
<.044+06 9.935-02 F.6711>OO 4.112-01 8.91,1-()1 0.000 1.007+01 4.141-05 30620-03 1.717-04 3.733-04 0.000 4.206-03 ::; 
3.0N)+Q6 4.621-02 6.912+00 2.252-01 2.04 9 +00 2.417-13 9.235+00 1.929-05 2.~B5-03 9.402-05 e.55'i-04 1.009-06 3.856-0'1 ... 
4.POV+Ot 2.602-02 5.768+00 1.486-01 3.092+00 9.855-Q3 9.044+00 1.086-05 2.40B-03 6.214-05 10291-03 4.114-06 30776-03 m 

5.ryOO+C6 1.1>66-02 4.91'2+00 1.096-01 3.91'8+00 1.961-12 9.116+00 6.956-06 ?08D-1)3 4 .576-05 1 .665-03 8.187-06 3.806-03 
.-f 

6.COO+~6 1.157-02 It .t.04+QC 8.635-02 4.75S+0P. 3.008-r2 Q.290+00 4.831-06 1.e3~-03 3.60S-QS 1.986-03 1.150-05 3.(179-03 )0 
7.000+06 8.501-03 ~.958_00 7.100-02 5.441+60 4.05il-~2 9.519+00 3.54S-06 1.052-03 2.964 -05 2.272-03 1.e91-05 3.974-03 Z 
~. 0 00+116 6.5a9-03 3.603"00 6.017-02 6.054+00 5.058-('2 9.774+00 2.711-06 1.50~-O3 2.5' 2 -05 2.528-()3 2.112-05 4.08 1-03 ~ 
Q.00P+06 5.H3-03 3.312+00 5.214-02 6.610+00 6.021-"2 1.004+01 2.14]-06 1.383-03 ·2.177-05 2.76(1-03 2.514-05 & .192-03 .... 
1.~00+O7 4.166-03 3.069+0C 4.597-02 7.121+00 6.936-12 1.f, 31 +0 1 1. 73~-06 1.281-03 1.919-05 2.973-03 2.896-05 4 .304-('~ 0 
1.10C-07 3.443-03 2.E62+00 4.108-02 7.593+00 7.800-12 1.058+01 1.&3;-Ot 1.195-03 1.115-0~ 3.170-03 3.ZS7-05 4.416-03 .... 
1.260+117 2.893-03 2.684+<10 3.712-02 8.029+GC B.615-~2 1.0R4+01 1.2D8-{)6 1.121-03 1.5~C-05 3.352-03 3.597-05 4.525-03 » 
1.300+07 2.4/:5-03 2 .529+00 3.3P4-~? 8.437+00 9.382-02 1.110+01 1 .0 2~-Ob 1.056-03 1.413-0~ 3.522-03 3.917-05 " .633-03 ... 
10400+07 2.126-03 2.392+00 3.109-02 8.814+ 00 1.011-01 1.134+01 e.876-07 9.9R7-04 1.298-05 3.680-03 4.121-05 4,735-03 )0 
1.~~0+C7 1.eS2-D3 2.271+00 2.875-07 9.165+~n 1.080-" 1.157+!)1 7.732-07 Q.481-04 1.210-05 3.826-03 4.509-Q5 4,a32-03 .... 
1.600+07 1.628-03 2.163+00 2.673-02 9.1,9C+OO 1.146-01 1.180+01 6.797-07 '1.031-04 1.116-05 3.962-0~ 4.785-05 4,925-03 0 
1.800+07 1.286-03 1.977+00 2.344-02 1.00f-+Ol 1.267-01 10221+01 5.36°-07 8.254-04 <f.7!6-06 4.208-03 5.190-05 5,C97-0" !t 
2.000+07 1.042-03 1.823-00 2.081:-02 1.061-C1 1.377-11 1.259+01 4.350-07 7.611-04 8.H9-lHl 4.430-03 5.'49-r5 5,257-03 n 
20200-07 0.608-04 1.693+00 1.e79-02 1.10a+Cl 1.47P.-Il 1.294+01 3.~9'-O" 7.116B-04 7.8.5-06 4.67.6-03 h171-0S ~.4~3-03 

2.400+07 7.233-04 1.S82+ro 1.70~-02 1.152-Cl 1.570-01 1.328+01 3.020-07 6.605-04 7.1:15-06 4.810-03 6.;55-05 5,5£3-03 n 
2.600'07 ".16£-04 1.£B6+00 1.567-0l 1.191+01 1.6SS-11 "3~8.O1 2 .573-07 6 .204-04 6.542-06 4.977-0, 6 .11 O-r.5 5,66<>-03 ::10 

2.800+07 5.315-04 1.'02+00 1.447-02 1.2Z8'01 1.734-01 1.387+01 2.21~-O7 5.853-04 6,0' 1-06 5.1?7-03 7.239-05 50791-03 0 
3.000+07 4.630-04 , 0327+00 1.344-02 1.U1+01 '.80e.-C1 1.&13+01 1.93;-07 5.540-04 5.611-06 5.2t5-03 7.\48-05' 5,900-03 tit 

tit 
4.0aO+07 2.604-04 1.055·00 9.905-03 1.397+01 2.111-Ql 1.525+01 1008l-07 4.405-v4 4.135-06 5.8"'2-03 8.~13-05 6,365-03 
5.~OO+07 1.667-04 8.805-01 7.841-03 1.491l+01 2.340-01 1.610+01 6.960-08 3.676-04 3.2'4-06 6.254-03 9.77G-05 6.7<3-03 tit 

m 
6.rOO+07 1.157-04 7.586-01 6.4R7-03 1.577+01 2.52?-01 1.679+01 4.831-Q8 3.167-04 2.He-06 6.S!'4-03 1.-)53-04 7.009-03 n 
~.OOO+O7 6.510-05 5.983-01 4.822-03 1.693+01 2.794-01 10781-01 2.711-08 2.498-04 2.013-06 7.068-03 1.166-04 7 ,4~7-03 .... 
1o~00+C8 4.167-05 4.966-01 3.837-03 1-775-01 2.992 -0 1 1.855>01 1.740-08 2.073-04 1 .6Q2-0~ 7.411-03 1.149-04 7,745-03 0 

!- 1.5CO.08 1.852-05 3.536-01 2.540-03 1.0;.06-01 3.319-01 1.975+01 7.731-09 1.476-04 1.0bO-06 7.950-03 1.!e6-0~ 8,245-03 Z ... ? .OO~+C-8 1.042-05 2.773-01 1. egg-03 1.984+01 3.524-11 2.047+01 4.351-09 1.158-04 7.914-07 11.283-03 1.>71-04 8,547-03 tit 
:r 3.000+08 4.630-06 1.965-01 1.261-03 2.07S.01 3.774-11 2.133+01 1.933-09 8.204-05 5.265-07 8.663-03 1.576-04 8.9 n 3-03 
~ 

..., 
4.000+08 ?604-06 1.539-01 9.437-04 2.128+01 3.925-~1 2.183+01 1.06;-09 6.425-05 3.94()-07 S.6B4-0! 10-\39-04 9.11:-03 0 

n 5.~ 00.08 1.667-06 1.274-01 7.541-0~ 2.162+01 4.028-61 2.215+01 6,960-10 5.319-05 3.,"8-07 9.0U-0 3 1.b82-04 9.248-03 ";JG 

:r f. 00 0+ ~I' 1.157-06 1.091-01 6.279-04 2.187+01 4.103-~1 2.239'01 4.830-10 4.555-05 2.6l1-07 9.131-03 1 .113-~4 9.341'-03 .. 
if ~.00r+08 6.510-07 8.520-02 4.705-04 2.220+01 4.2011-il 2.271-01 2.718-10 3.557-05 1.904-07 '1.269-03 10157-04 9.4/l0-03 "U 

% 

'" 
1.000+09 4.167-07 7.009-02 3.762-04 2.241+01 4.277-61 2.2'11·01 1.741-10 2.926-05 1.571-07 ".356-03 1,786-04 9.564-03' 0 

~ 1.500+09 1.852-07 4.895-02 2.506-04 2.272+01 4.381-~1 2.321+01 7.732-11 2.044-1l5 1.046-07 9.486-0 ~ 1.·l29-04 <1,61\9-03 .... 
7. .OOC+OQ 1.042-07 3.789-02 1.879-04 2.289-01 1",4A1-e1 2.337t01 4.351-11 1.582-05 7.845-08 9.557-03 l"S4~04 9.758-03 0 

g 3.000+09 4.630-0R 2.63/.-02 1.252-04 2.307+01 4.506-11 2.355+01 1.933-11 1.100 -0 5 5.2Z7-08 9.6:!2-03 1.B81-04 <1.831-03 Z a 
;; 4.00e+O? 2.60£-08 2.n:n-02 9.390-05 2.317+01 4.545-11 2.:;64·01 1.08'-11 8 .4B1! -06 3.<nO-~" 9.674-03 1.B9S-04 9.877.-03 tit 

- 5.nOO_OQ 1.1067-08 1.663-62 7.511-05 2.323+Gl 4.56B-ll 2.37!l+01 6.960-12 6.943-(;6 3.-1 !t.-Of 9.699-0 ~ 1.907-04 9.896-03 

< ".000+09 1.157-68 1.b10-C2 6.254-05 2.327+Gl 4.585-j1 2.374+01 4.&31-12 5.887-06 2 ,el 3-0P. 9.715-03 1.~H-04 9,913-03 

~ ~.00C·09 6.SH-69 1.()~6-02 4.694-05 2.333+01 £.607-01 2.380+01 2.7U-12 " .534-06 1.960-08 9.7H-03 1.123-04 9,937-03 

<0 
1.0nO-l0 4.167-G9 8.668-03 3.755-05 2.336+Cl 4.621-11 2.383+ 01 1.741-12 3.702-06 1.568-08 9.753-03 1.929-04 9.949-03 . 1.500+10 1.e52-09 6.129-03 ?5C:;-05 2 .3£1+01 £.640-01 2.388+()1 7.731-13 2.559-06 1.0~5-08 9.771,-03 1.n7~()4 9.470-03 

Z 2.000+1C 1.042-09 4.712-03 1.877-05 2.344+01 4.652-11 2.391+01 4.350-13 1.967-06 7.aF-II", 9.71'6-03 1.91.2-04 9,9112-03 
!' 3.000+10 4.630-16 3.249-03 1.251-05 2.347+01 4.662-11 2.394 + 0 1 1.933-13 1.356-06 S .U3-09 9.799-03 1.946~O4 9,995-03 

!>' 4.0rO+10 '.6U4-10 2.495-03 <;.385-06 20348+01 4.669-01 2.395+01 100B7-1.) 1.G42-06 3.918-00; 9.8{)~-O3 1.949-0& 9.999-03 
~.OOO+10 1.667-10 2.032-03 7.508-06 2.349-01 4.673-11 2.396H1 6.96')-1& 8.48&-07 3.135-09 9.807-03 1.951~O4 1,000-02 

~ 6.0QO+1O 1.157-10 1.717-0~ 6.257-06 20350'+01 4.676-11 7..397-01 4.830-1& 7.169-07 2.612-0'1 9.811-03 1.952-04 1.001-02 ... 
CD 8.000+10 t.510-11 10317-03 4.692-06 2.351>01 4.679-11 2.398+01 2.713-14 5.498-07 1.9;9-09 9.81$-03 1.953-04 1.G01-02 ... 
0 1.000+11 ~.167-11 1.071-n3 3.754-p6 2.351+01 4.61\1-11 2.398+01 1.741-1/, 4.471-07 1.567-09 9.815-03 1.954-04 1.001-02 0 

Co) 



!- TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interllct,ion proc~sscs. 1 MeV to 100 GeV, 
.... Z~l to 10o-Continued ~ ,.. 
~ 
n Z " 61, PM, PROMETHIUM ATO"IC VT. = 1~4.913 ,.. IISO/KG = .00041556 RARNS/A~OH MULTIPLY HSO/¥.G BY 10 FOR CHSO/G .. 
? PA IR PRODUCTIMI PAIR PRO!lUCTION 

... SCATHRII/G SCHTER IIIG 

~ P~O TON PHOTO- NUCLEAR ELECTRON TOT Al PH010- NUCLEAR ElECTRON TOTAL 

E~EPGY COHERENT II/COllER. ELFCTRIC FiElD FIE LO COHERENT I NCOIlER. ELEC1RIC FiElD FIELD 
CI 
Q 

~ EV SIATOH B/ATOM BIATOH B IA TOM B /A TOM BIATOH "SO/KG ,,"SO/KG !>lSOiKG MSOrKG MSO/KG HSIl/"G 

< 1.'00+0(' 4.304-01 1.<82+01 1.,,40-00 o.oeo 0.000 1.&89+0' 1.789-04 5.328-03 6.815-04 0.000 0.000 6.1"8-03 
0 
~ 1.~22-06 4.124-01 1.<69+01 1.S70+0r 0.000 0.000 1.467+0' 1.714-04 5.273-03 6.524-0~ ~.ooo 0.000 6.C97-03 

~ 
1.ZS~+06 2.769-01 1.148~OI 1.058-00 5.808-02 0.000 10287+0- 1.151-04 4.771-03 4.397-04 2.41&-05 0.000 5.350-03 
1.500,06 1.ne-01 10045+01 7.562-01 2 .685-~1 C.OOO 1.167+01 8.012-05 4.343-03 3.142-04 1.11~-O4 0.000 4.849-'03, 

Z 2.~OO+O(, 1.088-01 8.9Z4+0() 4.5'71-01 B.Hr-Ol C.OOO 1.037+0i 4.521-05 3.708-03 1.900-04 3.63~-04 0.000 4.308-03 
0 

".1££+06 1.?42-01 h81~+Or 4.429-01 ';'313-01 O.OOG 10029+01 4.330-05 3.663-03 1.841-04 3.870-04 0.000 4.277-03 

!" 3.H!I+06 4.~45-02 7.027+00 2.424-01 2.1<4+(1) 2.457-03 9.444~0( 2.013-05 2.nO-03 1.~Oi-04 11.827-04 1.021-06 3.925-03 

~ 
4.)00+06 2.728-02 5.864~00 1.59<;-01 3.200+00 1.002-02 9.Ul +O( 1.134-05 2.437-03 6.645-tl5 1.F~-03 4.164-06 3.849-03 
5.'00+06 1.7&6-02 5.065+00 1.179-Cl 4.122+00 1.994-0? 9.342+0C 7.256-06 2.105-03 4.89~-05 1a7B-03 8.286-06 3.882-03 ... 6.'00+0'" 1.?13-J2 4.477+00 9.285-02 4.915+~O 3.058-02 9.S28+0~ 5.041-06 1.860-03 3.P:59-0S 2.0~l-03 1.271-05 3.95'1-03 

0 
7. ~ 0 0+0 (, 8.913-03 4 .02~+OO 7.633-02 5.617+{,0 4,117-0;- 9.767+0~ 3.704-06 1.672-03 30172-0~ 2.B~-03 10711-05 4.059-03 
8.~OO-06 6.825-03 3 .... 63+00 6.&67-02 6.247+00 5.14 1-0;> l.C03+01 2.836-06 1.522-03 2.~B7-05 ;> .590-0, 2.136-05 ~ .169-03 :I: 
9.)nO+06 5.393-03 3.367+00 5.604-02 6.820+00 l.120-C2 1.031+0~ 2.241-06 1.399-03 2·329-05 2.831-0~ 2.S~3-05 4.2!"4-03 C 
1.)00+07 4.368-03 3.120-00 4.'140-02 70346tOO 1.050-02 1.0~9+0· 1.815-0f 10297-03 2.053-05 ;.053-03 2.930-05 ~.~O1-03 UII 
1.HO-07 3.610-03 2.91C-00 4.414-0? 7.(;31+CO 7.'120-02 1.087+01 1.500-06 1.209-03 1.SH-OS 3.254-03 3.295-~5 4.516-03 UII 
1.230+01 3.034-03 2.729+ro 3.9RB-C2 8.281+00 8.756-02 1.114+01 10261-06 1.134-03 1.651-05 3.441-03 3.639-05 ~.6'0-03 m ... 
1.300-07 2.585-03 2.571+00 3.636-D2 F..701tOO 9.535-02 1.141-01 1.674-06 1.068-03 1.511-05 3.61 ~-03 3.962-05 ~. 740-03 r 
1.~~Ot()7 2.229-03 2.432+00 3.340-02 9.090+0n 1.028-01 1.166+0' 9.263-07 1.011-u3 1.38E-05 3.777-03 ~ .272-05 4.846-03 

1.HO+07 1.942-03 2.309+00 3.088-rz 9.451+nO 1009~-Ol 1.190+0~ 8.070-07 <;.595-04 1.21'3-05 3.927-C3 4.563-C5 ~.'f46-03 Q 

1.600+07 1.7li7-03 2.199+00 ~.871-02 9.1111\-00 1.164-01 1.213+01 7.C94-07 9.138-04 1.193-05 4.067-03 4.837-05 5.042-03 i 
1.HO_07 10348-03 2.010+00 2.517-02 I.C39+01 1.287-01 1.256+01 5.602-07 8.353-04 1.0~6-0S 4.313-03 5.348-05 5.217-03 

~ 2.ryOO+1I1 1.092-03 1.854+00 2.240-0<' 1.093+01 1.399-01 1.295+0' 4.538-1)7 7.705-04 9.30S-06 4.54~-O3 5.~14-05 S.380-03 
?200+C7 9.027-04 1.722+tO 2.018-02 1.143+01 1.501-01 10332+01 3.151-07 7.156-04 8.3et-06 4.75~-03 6.238-05 5.5:'17-03 » 2.&C0-07 7.585-04 1.609+00 1.835-02 1.187+01 1.595-01 1.366+01 3.152-07 6.686-04 7.6U-06 4.933-03 6.628-05 5.676-03 

7.600+07 6.463-04 1.511·00 1.683-02 1.228+01 1.682-01 1.39P.+~1 2 .6b6-0 1 6.279-04 6.99~-06 5.103-03 6.990-05 5.8~8-03 Z 
?BOO+~7 5.573-04 1.&25.00 1.554-02 1.265+01 1.762-01 1.427+0' 2.316-07 5. 'i2 2 -04 6.45E-06 5.257-03' 7.322-05 5.929-03 C 

3.Q()1'+07 ~.85~-04 1.350+r,0 1.443-02 1.300+01 1.837-01 1.4S'S-0' 2.017-07 5.610-04 5.991-0/l ~.402-03 7.634-05 6.046-03 -& 
4.000+07 2.731-04 1.072+00 1.0113-02 1.440'01 2.145-01 1.570·0-, 1.135-07 4.455-04 4.41i-06 5.98&-03 E.Q14-05 6.5?3-03 < 
5.000-07 1.74e-04 8.951- 01 8.411-03 10544+01 2.377-01 1.658+01 7.264-08 3.720-04 3.49~-O6 6.416-03 9.878-05 6.891-03 m 
6.rCO+07 1.214-0~ 7.713-ot 6.9{,4-03 1.625+01 2.S61-01 1.728.0' 5.045-08 3.205-04 2 .894-~6 6.753-03 1.064-04 7.183-03 lID 

"'.~~0+07 6.826-05 6.063-01 ;.176-03 1.745+01 2.838-01 1.83<,,0' 2.P.37-08 2.S?/s-04 2.151-0~ 7.252-03 1.179-04 7.624-03 UII 

1.000+08 4.369-05 5.049-01 4.11 0 -03 1.1l30+01 3.038-01 1.911+6' 1.816-08 2.0'11'-04 1.712-06 7.605-03 1.262-~4 7.943-03 -& 
1.50~+0~ 1.942-05 3.595-01 2.726-03 1 .96~'Ol 3.369-01 2.034+01 e.070-09 1.494-04 1.133-06 ~.162-03 1.400-C4 8.452-0! 

2.000+01' 1.092-05 2.!'19-Ql 2.037-03 2 .C4S+~1 3.S76-01 2.10'1,0' 4.538-09 1.171-04 S.HS-07 8.4Qe-03 1.4P6-04 8.765-03' 

:!.OCN08 £.854-06 1.9'.1A-Ol 1.353-03 2 .13~+Ol 3.829-01 2.196+0~ Z.017-r9 e .303-05 5 .62~-O 7 1'.885-03 1.591-0~ Q.127-03 

4.DOO+08 ".730-06 1.565-01 1.013-03 2.192+1)1 3.981-01 2.24!J+0· 1.134-09 6.504-05 4.2H-07 'i.l0~-03 1.654-04 9.34C-03 

5.000+08 1.748-06 1.295-01 8.094-04 2.22£+01 4.085-01 2.282+0' 7.264-10 5.382-C~ 3.364-07 9.25·-03 10698-04 9.4R3-03 
6.000-08 1.214-06 1.109-01 6.740-04 2.253+01 4.161-01 2.306+0- S.045-10 4.609-05 2.801-07 9.363-03 1.729-0~ 9.SI12-03 
8.000+08 6.~26-07 1i.662-02 5.050-04 2.287+01 4.266-01 2.338+0" 2.837-10 3.600-05 2.099-07 9.50~-03 1.773-04 9.717-03 
10000+09 4.369-07 1.126-02 4.038-1l~ 2.309+01 4.336-01 2.360+01 1.816-10 2_"61-05 1.67~-O7 9.595-03 I.S02-04 9.805-03 
1.500+09 1.942-07 4.977-02 ~.690-04 2.340+01 A .441-0 1 2.389+01 8.070-11 2.068-05 1.11E-07 9.72~-03 1.E46-04 9.~;0-03 

2.0~O+09 1.092-07 3.852-02 2.017-04 2.358+01 4. S 0 1-0 1 2.407+0' 4.538-11 10601-05 8.382-08 9. 79~-0 3 1.810-04 1.0n O-02 
3.000+09 4.R5~-08 2.678-02 1.3"-0~ 2.376+01 &.567-01 ;> .424+0' 2.1)17-11 1.113-05 5.585-08 9.8n-C3 1.898-04 1.007-07. 
4.0nO+09 7..730-08 2.067-02 1.008-04 2.386+01 &.606-01 2.434+01 1.134-11 8.S90-06 A.18S-08 9.915-03 1.914-04 1.012-02 
5.000+09 1.741>-08 1.690-02 8.061-05 2.393+01 4.629-01 2.441+0' 7.264-12 7.023-06 3.35C-Oti 9.944-03 1.92 ~ -04 1.014-02 
6.000+09 1.214-08 1.433-02 6.717-05 2.397+01 4.646-01 2.445+01 5.045-12 5.95S-06 2.791-08 9.9111-0, 1.931-04 1.016-02 
8.000+09 6.826-09 1.104-02 5.037-05 2.403+01 4.66&-0,1 2.451+0' 2.837-12 4.588-06 2.C93-08 9.9"~-03 1.940-0~ 1.018-02 
1.000tl0 4.369-09 9.016-03 4.03()-O5 2.406+01 4.682-01 2.454+0' 1.816-12 3.7~7-06 1.675-08 9.9n-J3 10946-04 1.0:?O-O2 
1'5QO+1O 1.9L2-09 6.231-03 2.686-05 2.~12+01 4.702 -0 1 2.460+01 8.070'-13 -2.51'.:9-06 Io11E-O!! l'00?-O2 1.95~-O4 1.022-02 

2.~CO"0 1 .092-09 4.790-03 2.015-05 2 .414+01 4.713-01 2.462+0- 4.5313-13 1.'791-06 8.314-09 1.003-02 1.959-04 1.023-02 

3.000+10 4.854-10 ~.30~-O3 1.343-05 2.417,01 4.723-01 2.465+C1 2.017-13 1.373-06 5.581-09 1.0C~-07. 109t3-0~ 1.024-02 
~.~00+10 2.730-10 2.536-03 1.D07-0S 2.418+01 4.731-01 2.4e6+i!' 1.134-13 1.054-06 4.185-09 '.005-02 1.966-04 1.025-02 
5.~OO+10 1.748-10 2.065-03 8.058-06 2.419+01 4.735-01 2.~67+0> 7.264-14 8.581-07 3.3&S-09 1.005-02 1.'768-04 1.025-02 
6.POO+l0 1.2H-10 1.7&6-03 6.715-06 2.420'Cl 4.737-01 2.468 +0 5.045-14 7.256-07 2.791-09 1.005-02 1.969-~~ 1.0<5-02 

~.OOO+10 6.eZ6-11 1.339-03 5.036-06 2.421+01 4.740-01 2.4109+0 2.837-14 5.564-07 2.093-09 1.005-02 10970-04 1.026-01 
1.000+11 &.369-11 1.1189-03 4.02,9-06 2.421+01 1,.742-01 2.469+0 1.816-14 4.525-07 1.6H-09 1.006-02 10971-04 1.0"6-02 



T.!.BLE 6. Cross sections and mllBS attenuation coefficients for the individual and total photon atom internetion p~es. 1 MeV to 100 ~V. 
Z=l to lOO--ContintlM 

62, SM, SAHARIU~ ATOMIC VT. = 150.3b MSO/KI, = .000&0)51 BARNS/ATOI! KULTIPLY IISO/kG ~y 10 FOR CHSO/G 

PAIR PROOUCTION pA:R PRO[!UCltON 
SeA TT ERJ NG SCH1ERING 

P40TON PHOTO- NUClEAR ELECTRON TOTAL PflOTD- NUCLEAR ELECTRON TOTAL 
E~ERGY COHERENT INCOHER. ElECTR IC FIEL!) FIE LO EOH[REn IhCOI1ER. HECT~IC F IElO F"l flO 

EV BIATOH BIA TOK B/ATOM BIAlOI! a IA TOM B/ATO" IISO/K; HSO/KG IISO/KG I!SOiKG MSO/KG MSO/KG 

1.)00+06 4.509-01 1.303+01 1.765+~0 1I.GOO 0:000 1.525+01 1.806-~4 5.219-03 7.069-04 0.000 0.000 6.106-03 ." 
~ 

1.322+D6 4.319-01 1.289+01 1.689+00 O.OGO 0.000 1.501+01 1<730-)4 5.163-03 6.765-flt. O.OO~ 0.000 6.012-03 iG 1.?50+06 2.901-01 10 161+01 1.139+00 6.072-02 0.000 1.316+01 1.162-14 4.674-03 4.562-04 2.432-05 0.000 5.271~03 

1.;00+06 2.020-01 1.062+01 8.136-01 2.807-01 0.000 10192+01 8.090-15 4.253-03 3.259-04 10124-04 o .01l0 4.773-03 -t 
2.100+06 1.140-01 9.069+00 4.939-111 9.102-01 0.000 10 0 59+0 1 4.566-15 3.632-03 1.97E-04 3.64~-04 o.rvo 4.240-03 :ID 

2.)44+06 1.091-01 8.958+00 4.763-01 9.695-01 0.000 1.051+01 4.370-)5 3.588-03 1.90B-04 :!.8'33-04 0.000 4.211-03 ;; 
3.10C+06 5.077-02 7.142_00 2.605-01 2.202+00 2.491-03 9.658+00 2.033-)5 2.860-03 1.043-04 11,81°-04 1.000-C6 3.868-03 r-

4.101)+06 2.859-02 5.960+0~ 1.719-01 3.310+00 10018-02 9.41'1+00 1.145-)5 2.387-03 6.1!85-05 10326-03 4.077-06 3.797-03 m 
-t 

5.100+06 1.830-02 5.148'+00 1.267-01 4.258+00 2.026-02 9.S71+0f 7.329-)6 2.062-03 5.074-0S 1.70\-O~ 8.114-06 3.833-03 ~ 

6.')O~+06 1.211-02 4.550+00 9.972-02 5.074+00 3.107-02 9.767+00 5.090-)6 I.P22-03 3.994-05 2.0~i-03 1.244-05 3.'112-03 ~ 
7.)00'06 9.341-03 4.090'00 8.196-02 5.796+CO 4.183-02 1.002+01 3.741-~6 1.6~8-03 3.283-05 2032'-03 "67~-05 4 .013-03 Z 
8.)OO·C6 7.152-03 3.?23+0n 6.943-02 6.444+00 5.224-02 1.030+01 2 .P64 -)6 1.491-03 2.781-05 2.58'-03 2.(l92-~5 4.124-03 0 
9.,10r.+06 5.651-03 3.42?+OO 6.015-02 7.033+00 6.719-02 1.058+01 2.263-)6 1.371-03 2.409-05 2.817-03 2.491-05 4.239-03 

-t 
1.000.07 4.57B-03 3.171.~0 5.302-02 7.~73+00 7.163-02 1.0~7·O1 1.834-)6 1.270-03 2.,123-05 3.033-03 2.1'69-05 1,.355-03 0 
1.100+07 3.7~3-03 2.958+00 4.737-02 8.072+00 6.056-02 1.116+01 1.515-16 1.185-03 1.897-05 3.2013-03 3.221>-05 4.410-03 .... 
1.1t'O-07 3.179-03 2.71£+00 4.279-02 8.S35+0C 8.897-02 1.14&·01 1.273 -)6 1.111-03 1.714-05 3,.4 H-C3 3.563-05 4.583-03 ~ 
1.~OO+O7 z.7C9-03 2.613+00 ~.901-02 8.967+00 9.688-02 1.172+01 1.085-)6 1.047-03 1.562-C 5 3.59 1-03 3.e80-05 4.693-03 r-

1.l00+07 2.336-03 2.472+00 3..584-02 9.367+00 1.0&4-01 1.198+01 9.356-17 9.<;01-04 1.435-05 3.752-03 4.181-05 1 .. 799-03 ~ 
1.HO+1l7 2.035-03 2.347+UO 3.313-02 9.739'00 1.115-01 1.223+01 1l.15O-)7 9.40P-04 ,. 327-05 3.90 '-0'0 4.466-rs 4.899-03 -t 
1.'~O+O7 1.788-03 2.235+(;0 3.081-02 1.008+01 1.183-01 1.247+()1 7.161-)7 8.951-0& 1.n4-o5 1,.037-03 4.738-05 &.993-03 0 
1.~OO+O7 1.&13-03 2.r43'CO 2.700-02 1.071'01 10308-01 1.291+01 5.659-)7 8.182-04 1.081-05 4. 28~-O 3 5.239-0S 5.171-03 ~ 
;>.100+07 1.145-03 1.88&.00 2.40:'-02 1.127+01 1.421-01 1.332+01 4.586-)7 7.546-04 <;..624-0{- 4051 i-03 5.691-0S 5.335-03 n 
?~OO+07 9.460-04 1.75C+OO 20164-02 10 177+0 1 1.525-01 1.370+01 3.789-)7 7.009-04 P..667-06' 4. 71l-0~ e.l08-05 5.4B5-03 
2 •• 00+07 7.949-04 10635+00 1.960-02 1.223+01 1.621-01 1.405+01 3.184-~7 6 .51.8~04 7.882-06 4.398-03 6.492-05 5.626-03 n 
2 •• 00+07 6.773-04 10 536+00 1.805-02 1.265+01 1.701l-01 1.438+01 2.713-)7 6.152-C4 7.229-01> 5.066-0, 6.841-05 5.75'1-03 :ID 

Z.HO+07 5.8&0-04 1.449+00 1.666-02 1.304+01 1.79/1-01 10469-01 2.339-H S.E03-04 6.672-0( 5.223-03 7.169-G5 ~.81l2-03 0 
3,'00+07 5.087-04 1.372+00 1.541l-02 1.339.01 1.866-01 1.496+01 2.037-17 5.495-0& 6.200-00 5.363-03 7.473-r5 5.993-03 (It 

(It 

4.0 or+o 7 2.862-04 1.096+00 1.140-02 1.484+01 2.118-~1 1.616+01 10 146-J7 4.366-0& 4.566-06 5."4/-03 8.723-05 6.472-03 
5.000+07 1.831-04 9.098-01 9.026-03 1.591+01 2.416-01 1.707+01 7.333-,)8 3.6&4-04 3.615-V6 6.37(-03 9.668-05 6.837-03 (It 

m 
6.'00+07 1.272-04 7.839-01 7.41>7-03 1.67£+01 2.601-01 1.779+01 5.094-')8 3.1/.0-04 2.991-06 ~.70\-0~ 1.042-04 7.126-03 n 
8.fOO+07 7.15&-05 6.182 -0 1 5.550-03 1.797+01 2.881-01 1.1'88+01 ".Eo5-18 2 .476-04 2 .223-01> 7.19i-03 1.15&-04 7.562-03 -t 
1.'OO+OB 4.578-05 5.131-01 4.411i-G3 1.885+01 3.084-01 1.968+01 10834-68 2.055-04 1.769-06 7.551-03 1.235-04 7.81l0-03 (5 

!- 1.,00+08 2.035-05 3.654-~1 2.922-03 2.023+01 3.&19-01 2.094+01 8.150-)9 1.463-04 1.170-06 3.10<-01 1.369-04 8.387-0:! Z 
,.000+08 1.145-05 2.865-01 2.184-03 2.106+01 3.628-01 2.171+01 4.586 -'19 1.147-04 8.747-07 8.4 3~-03 1.453-"4 8.696-03 (It ... 3.100+08 5.087-06 2.031-01 1.450-03 2.202+01 3.883-01 2.261+01 2.037-')9 8.134-05 5.807-07 8.81~-03 1.555-04 9.057-03 :r '" ~ 4.100+Oll 2.861-06 1.590-D1 1.086-03 2.257+01 4.037-01 2.313+01 1.146-)9 6.368-05 4.350-07 9.039-03 1.617-04 9.265-03 0 
5.'00+08 l.nl-06 1.317-01 F.676-04 2.294 +01 1,.1& 1-0 1 2.349+01 7.333-10 5.275-05 3.475-07 9.188-03 1.659-04 9.407-03 :ID 

n 6.100+08 1.272-06 1.1<7-1)1 7.225-04 2.32U+U1 4.211>-01 2.374+01 5.094 -I 0 4.514-05 2.894-07 9.291-03 1.689-04 9.506-03 ,.. ." • 8.900+08 7.154-07 8.804-02 5.413-04 2.354+01 4.324-01 2.406+01 2.£'65-10 3.526-05 2.168-07 9.428-03 10732-04 9.637-03 
3 1.000+09 4.578-07 7.2&3-02 4.328-r4 2.377+01 4.395-01 2.428+01 10834-10 2.901-05 1.733-07 9.52.-03 10760-04 9.725-03 :::t: 

0 
'" 1.S00+09 2.035-01 5.058-0, 2.883-04 2.409+01 4.501-01 2.459+01 B.150-11 2.026-05 1.155-07 9.648-03 1.~03-04 9.849-03 -t • 2.'00+09 1.145-07 3.915-02 Z.162-04 2.427-01 4.561-01 2.477+01 4.586-11 10 568-0 5 8.659-0!! 9.120-03 10827-04 9.919-03 0 :" 

0 
3.000+09 5.087-08 2.722-02 1.441-04 2.446+01 4.627-01 2.495+01 2.037-11 1.090-05 5.171-08 9.796-0~ 1.853-04 9.993-03 Z 

It 4.100+09 ?'.861-0~ 2.101-02 10080-04 2.456+01 4.665-01 2.505+Gl 1.146-11 8.415-06 4.325-08 9.836-03 10868-04 1 .O~3-02 (It 

~ 5.fCO+O Q 10831-08 1.718-02 8.641-VS 2.463+01 4.689-01 2.512+01 7.333-12 6.881-0t> 3.461-08 9.865-03 1.878-04 1.006-02 

< 
6.COO+09 1.272-08 1.457-02 7 .2CO-O 5 2.4t7+01 4.706-01 2.51"+01 5.C94-12 5.835-06 2 .1i84 -08 9.88'-03 1.885-04 1.007-02 

!1-
P.G~O+C9 1.154-09 1.122-1)2 5.40C-05 2.1.73+01 1..728-01 2.521+01 2.865-12 4.494-06 2.163-08 9.905-03 1.894-0& 1.010-02 
1.100.,0 4.578-09 9.164-03 1,.320-05 2.477+01 4.70-01 2.525+01 1.1'>34-12 3.670-C6 1.730-01l 9.9?'-03 1.900-04 1.011-02 

:!> 1.500+10 ?035-09 6.333-C3 ~.8!,0-05 2.482+01 4.762-01 2.530+01 8.15Cj-13 2.536-06 1.153-0b 9.9&'-03 1.907-04 1.013-02 
,.100+10 1.145-09 4.869-03 2.160-0$ 2.G8S+01 4.773-01 2.533+01 4.586-13 1.950-06 8.651-09 9.953-0:' 1.912-~4 1.015-02 

Z 3 •• 00+10 5.087-10 3.358-03 1.440-05 2.488+01 4.7p.4-01 2.536+01 . 2.037-13 1.345-06 5.767-09 9.965-03 10916-04 1.016-02 
0 

4.000+10 Z.P.61-10 ,.571)-03 1.C80-05 2.489+111 4.791-01 2.537+01 1.146-13 1.033-06 4.325-09 9.969-03 10919-04 1.016-02 

~ ~.IOO+10 1.831-10 2.1\9'1-03 8.63ft-06 2.&90'Cl 4.795-01 2.538+01 7.333-14 P .407-07 3.460-09 9.973-03 1.920-04 1.017-02 

:0 
6.~OO+10 1.272-10 1.775-03 7.1<;.11-06 2.4"1+01 4.798-01 2.539+01 5.094-14 7.109-07 2.883-09 9.977-03 1.922-04 1.017-02 ... 
.~ .~OO+1 {I 7.154-11 1.361-03 5.39B-0t, 2.492+01 4.S00-01 2.540+01 2.B65-14 5.451-07 2.16<'-09 0.98 1 -03 1.922-04 1.017-02 ... 

CD 
1.~00+1I 4.578-11 1.107-03 &.319-06 2.4~2+01 4.803-01 2.54{1+01 1.834-14 4.04-07 1.730-09 9.98 '-03 1.924-04 1.017-02 0 

0 CI'I 



~ TABLE 6. Cross sections and mass attenuation coefficients for the individual and tota.l photon a.tom interaction processes, 1 MeV to 100 GeV. ... Z = 1 to 100----Continued ~ ". 

~ 
n 63, EU, EUROP IUM ATOMIC wr. ~ 151.96 IISO/KG .00039629 BARNS/ATOH MULTIPLY KSO/KG BY 10 rOR C~SO/G ". 
II 

~ PAIR rROfUCTHlN pA H PRODUCT ION 

'" SCATTERING SCATTERING 
II 
:'" PIlOTON f'HOTO- ~UClOR ELECTRON TOTAL PHOTO- NUCLEIR ELECTRON TOTAL 

C EIlERGY COHERENT IIICOHER. ElECTRIC IIELO FIE LD COHERE"! INCOHER. £LfCHIC FJELO FIELD 
c 
1 [V P/ATOI! B/ATOH BIATOH ~/A TOil B I A TOM a/ATOM IISO/KG HSO/KG MSO/KG "SO/KG "SOIKG IISO/KG 

< 0.000 7.518-0£ 6.186-03 
~ 1.0,)N06 4.720-01 1.324+01 1.89hOO 0.000 1.561+01 1.870-0/. 5.247-03 0.000 0.000 

1.0?2+06 4.522-01 1.310+01 1.816+f.0 0.000 O. co 0 1.537+01 1.792-04 5.1°1-03 70197-04 o.cor 0.000 6.c90-03 

~ 1.2;0+06 3.037-01 1.11\6+01 1.224+00 6.347-02 0.000 1.3~5+01 1.;:>04-0/. 4.700-03 4.851-0~ 2.~15-05 0.000 5.331-03 

Z 1.5)0+06 2.115-01 1.079,01 p.7~2-01 ~.93h-01 0.000 10217,01 8,382-95 " .276-03 3.464-04 1.16~-04 0.000 4.8<3-03 

!> 2.0)0+06 1.193-01 9.21 S+OO 5.306-01 9.473-01 0.000 1.081+01 4.728'-05 3.652-03 2.1(13-04 3.,54-04 0.000 4.285-03 

~ 
2.0~G+06 1.143-01 9.102+eO ~<117-~1 IoC09+1l0 0.000 1.01£+01 4.S3C-05 3.607-1) 3 2.028-04 3.999-04 0.000 4.255-03 

3.0l0+06 5.317-02 7.257,00 2.798-01 2.281<00 2.537-03 9.874+(10 2.101-05 2.876-03 1.109-94 9.0~9-04 1.005-06 3.913-03 

:0 4.0)0+06 2.994-02 6.056+0C 1aRI.S-Ol 3.422+00 1.034-02 9.703+00 1.186-05 2.~OO-03 7.312-05 1.356-03 4.0n-06 3.8~5-03 

CD 5.030'(16 1.917-02 S.231+0C ~.359-~1 4.3'17+00 2.0SP-02 9.1104+00 7.~97-06 2.073-03 5.386-05 1.742-0'3 8.156-06 3.885-03 
0 6.000+06 1.331-02 4.624+00 1.07G-01 5.235+00 3.15/-02 1.001+01 5.275-C6 10832-03 4.240-05 2.075-03 1.251-05 3.967-03 

7.0~O+O6 9.7F3-03 4.156+00 8.790-02 5.977+00 4.250-02 1.027+01 3.877-06 1.647-63 3.483-05 20369-03 1 .684-~ 5 4.071-03 

~.ODO+06 7.491-03 3.7E3+00 1.445-02 6.643+00 5.307-02 1.056+01 2.969-06 104S9-03 2.950-05 2.6>;3-03 2.103-05 4.185-03 ::J: 
9.00N06 5.919-03 3.478+00 6.449-02 7.248+00 6.318-02 1.o~6+01 2.346-06 1.378-03 2.556-05 2.072-03 2.504-05 4.304-03 C 
I.OOr.+Q7 &.795-03 3.222 + 00 ~.684-02 7.803+00 7.277-02 1.116+01 1.900-i16 1.277-03 2.253-05 3. il9 2-0 3 2.f!84-"5 4.4?2-03 CD 

1.100+07 3.963-03 3.0IlS+00 5.078-02 8.316+00 8.184-02 1.146+01 10571-M 1.191-03 2.012-05 ~.296-0~ 3.243-05 4.541-03 CD 
m 

1.200+07 3.330-03 2.819+00 •• 587-02 8.791,00 9.037-02 1.175+01 1.320-06 1.117-03 1.818-05 3.484-03 3.581-05 4.656-03 ,... 
1.300+07 ?837-03 2.655'00 40181-02 9.23~+00 9.841-02 1.203+01 1.124-06 1.052-03 1.657-05 3.6b~-03 3.900-05 4.769-03 r 
1.400+07 2.446-03 2.512+00 3.841-02 9.648+00 1.061-01 1.231+01 9.693-07 9.955-04 1.522-05 ;.112:<-03 I. .2u5-0 5 4.1;'77-03 

Q 
1.500+07 2.131-03 2.385+00 3.551-02 1.003+01 1.133-01 1.257+01 8.445-07 9.452-04 1.407-05 3.975-03 4.490-05 4.980-03 
1.600_07 1.873-03 2.271+0C J. 30 1-02 10039-01 1.201-01 1.282+01 7.423-(7 9.000-04 1.308-05 &.117-03 4.7~9-05 5.079-03 i 
1.800+07 1.480-03 2.076+00 ~.893-02 1.103+01 1.328-01 1.327+01 5.865-07 8·227-v4 10146-05 4.371-01 5.263-05 5.258-03 

~ 2.000+07 1.199-03 1.914+60 1.575-02 1.160+01 1.444-01 1.369+01 4.752-07 7.585-04 1.020-05 4.597-03 50722-05 5.423-03 

2.?00+07 9.908-04 1.77!\+0~ 1.319-02 1.212+01 1.549-01 1.408+01 3.926-(7 7.046-04 9.190-06 1..803-03 6.139-05 5.579-03 
~ 

2.400+07 8.325-04 1.662" 90 1.109-02 1.<'6e+Ol 1.646-01 1.445+01 3.299-(7 6.58·6-04 II .358-06 4.993-03 6.523-05 5.726-03 

".600+07 7.094-04 1.560+00 1.'134-02 1.303+01 1.735-01 1.478+01 2.1!11-C7 6.182-04 7.664-06 5.164-03 6.876-05 5.859-03 Z 

2.800+07 6.116-04 1.472+00 1.785-C2 1.342+01 1.8H-Ol 10509+01 2.424-(7 5.833-04 7.074-06 5.318-03 7'205-05 5 .9R 1-03 D 

3 .oon+o 7 5.328-04 1.394+00 1.658-02 1.379+01 1.894-01 1.539,01 2.111-(, 5.524-04 6.571-06 5.465-03 7.5U6-05 6.09°-03 '& 
4.000+07 ;>.997-04 1.108+00 1.221-~2 1.527+01 2.211-01 1.661.01 10 188-(7 4.391-04 4.839-06 6.051-03 8.762-05 6.583-03 < 
5.cOn+()7 1.918-04 9.245-01 9.667-03 1.638+01 2.451-01 10756+01 7.601-{S 3.664-04 3.831-06 6.491-03 9.713-05 6.959-0:! m 

:III 
6.000+07 1.332-04 7.965-r,1 ?997-C~ 1.72/,+01 2.640-C1 1.831+01 5.279-(1'> 3.156-04 3.169-06 6.832-03 1.046-P4 7.256-03 CD 
8.006+07 7.493-05 6.282-01 ,>.943-03 1.!'5C.Ol 2.92:'-31 1.943+01 2 '969-(8 2.&90-04 2.355-06 7.331-03 1.158-04 7.699-03 '& 
1.000·0~ 4.795-05 5.214-01 •• 729-03 1.940+C1 3.129-01 2.024+01 10 900-(8 2.066-04 1.874-06 7 .68E-0 3 10240-t4 8.021-03 

1.500+08 2.131-05 3.713-C1 3.129-03 2.083+01 3.468-01 2.155+01 8.445-19 1.471-04 1.240-06 8.255-03 1.374-04 8.541-03 

? .OOC-OB 1.199-05 2.911-C1 ?33B-03 7. .168+Cl 3.67'1-01 2.234+C1 4. 752-~9 1.151.-04 9.265-07 8.592-03 10458-04 8.854-03 

3.0CI)+OP 5.37.8-06 2.064-01 1.553-03 2.261;+01 3.937-01 2.326.01 2.111-19 8.179-05 6.154-07 .8.98t-03 1.560-04 9.218-03 

4.000+ r 8 2.997-06 10616-01 j.163-~3 2.323+01 4.092-01 2 <380,01 1.188-1~ 6.404-05 4.609-07 9.206-03 10622-04 9.433-03 

5.000+08 1.91B-06 1.338-01 9.?9lj-04 2.360+01 4 .197 -01 2.415+01 7.601-10 5.302-05 3.682-07 9.352-03 1.663-04 9.S72-03 

6.000+08 1.332-06 1.11.5-01 7.736-04 2.3t7+Cl 4.27S-01 2.441+()1 5.279-10 4.538-05 3.066-07 9.45~-03 1.694-04 9.675-03 

8.000+08 7.492-07 8.946-02 ;.796-04 2.423+01 4.382-01 2.476+01 2.969-10 3.~4S-05 2.291-07 9.602-03 10737-04 9.811'-03 

1.000+09 4.795-07 7.360-02 1.634-04 2.446+01 4.453-01 2.498+01 1.900-~ 0 2.917-05 1.836-07 9.69~-O3 1.765-04 9.899-03 

10500+09 2.131-07 5.140-02 50087-04 2.479+01 4.559-01 2.S~O+01 8.41. 5-11 2.037-05 1.223-07 9.8;>4-03 1.807-04 1.003-02 

2.rOO'09 1.199-07 3.978-02 2.315-04 2.1.97+01 4.620-01 2.547+01 4.752-'1 1.576-05 9.174-0& 9.895-03 1.831-04 1.009-02 

3.000+09 5.328-08 2.766-02 1.543-04 2.51(,+01 4.686-01 2.566+01 2.111-11 1.096-05 6.115-08 <;.971-03 1.857-04 1.017-02 

4.~OO+0" 2 .997-01! 2.135-02 1.157-04 2.527+01 4.725-()1 2<576+01 10188-'1 8.461-06 4.585-08 1.001-02 1.872-04 1.0;:>1-02 

~.CO()+09 1.918-08 1.746-02 ~.252-05 2.S34+Gl 4.749-01 2.583+01 7.601-'2 6.919-06 3.666-08 1.001-02 1.882-04 1.024-02 
6.~n(l+0 9 1 .~32-08 1.480-02 7.710-0~ 2.538+01 4.766-01 2.587·01 5.279-'2 5.865 -06 3.055-0B 1.00t-D2 1.889-04 1.025-02 

i'.~OG+09 7.492-09 1.140-02 5.782-05 2.544,01 4.788-01 2.593+01 2.969-'2 4.518-06 2.291-0& 1.00E-1l2 1.897-04 1.028'-02 

I.COO+10 4.795-0'1 9.312-03 ~.t>25-05 2.548+01 4.802-01 2.S97+01 1.900-12 3.690-06 1.833-08 1.0H-02 1.903-04 1.029-02 
1.~OO+1 0 2.131-09 6.435-03 3.0!\3-0~ 2.553+01 4.822-01 2.602+01 1".445-'3 2.550-{)6 1.222-08 1.012-02 1.911-04 1.031-02 
?tOO+10 1.19Q-09 4.947-C3 ?312-05 2.556+01 4 .833-01 2.605+01 4.752-'3 1.960-06 9.162-09 1.01~-02 1.915-~4 1.032-02 

3.~OO+10 5.328-10 3.412-03 10541-05 2.55<;+01 4.8t4-01 ... 608+01 2.111- 13 1.352-06 6.107-419 1.0H-02 lonO-C4 1.033-02 
&.rOO+10 ,.997-10 2.619-03 10156-05 2.561+01 4.851-01 2.610+01 1.188-'3 1.038-06 4.581-09 1.01~-02 1.922-04 1.034-02 
5.(00+10 1.91e-l0 2.133-03 9.248-06 2.562+01 4.855-01 2.611+01 7.601-~k 8.45!-07 3.665-09 1.01~-02 1.924-04 1.035-02 
~.(00+10 1.332-10 1.'!03-03 7.707-06 2.S62+C1 4.857-01 2.611+01 5.279-14 7.145-{l7 3.1154-09 1.015-02 1.925-04 1.035-02 
8 .fOO+ 1 0 7.492-11 1.383-03 5.780-0~ 2.563,01 4.l!60-01 2.612+01 2.969-14 5.481-07 2.291-0<' 1.0H-02 1.926-~4 1.035-02 
1.rOO+l1 4.795-11 1.125-~3 4.624-06 ;> .564' 01 4 .~63-0 1 2.613+01 , ... c(\/\ "z , 58-07 1.832-09 1.01~-O:? 1.927-04 1.035-0<' 



TAnLE 6, Cross sections and m!l;S attenuation coefficient.'; for the individual and totll photon atom intera.ction pro~e55c~. 1 :'.Ie\" tQ 100 Ge\", 
Z = 1 to 100--ContinuEd 

6~, GO. GAOOLINIUH ATO~lr WT. = 157.25 HSO/"& .~003i296 PARNS/ATOH MUlTIPLV HSO/K& BY 10 FOq C~SO/r, 

PAIR PNOI}UCllO'l PAt!l PRODUCT II)N 
SCATTERING S[AT TEP ING 

"HOTON PHOTO- NUCLEAR HECTRO~ TOTAL PftOlO- NUe lEAR ElECTRoN TOTAL 
E H[ RGV COHERENT INCOHER. ElECTR IC F1ElC FIELO COHERENT INCOllER. ELECTRIC F IEL 0 FJELD 

tv 9/ATOM E fA TOM B/HOH BIATOH R IA TO~ P /A TOM MSOnG HSO IKG HSO;KG HSO/KG HSO/KG HSO/KG 

." 
10000+06 I.. Q 35-01 10345+01 2.037+00 0.000 0.000 1.598+01 1.890-04 5.151-03 7.801-04 O.OO~ O.OuO 6.12('-03 » 
1.022+06 &.728-01 1.33G+Ol 1.949+00 0.000 O.GOO 10572+01 1.811-04 5.093-0, f.4b4-0/. O.O~O 0.000 6.021-03 JD 
1.250+06 3.176-01 1.204+01 1.314+CO 6.627-0'2 0.000 1.374+01 10216-0& 4.611-03 5.032-04 2.536-05 0.000 5.261-03 
1.500+06 2.212-01 1.01'6+01 9.385- C 1 3.064-01 ~.OOO 10243+01 8.471-05 4.197-03 3.594-04 1.173-04 O.COO 4.759-03 -t 
2.000+06 1.7.1.8-01 9.361+0G 5.694-rl 9.855-01 0.000 1.104+01 4.779-05 3.51'5-03 2.181-04 3.77&-t4 o .000 4.22P,-03 :! 
2.044+06 1.195-01 9.246+00 5.4gz-01 1.049+00 O.OO~ 1.0'16+01 4.576-05 3.541-03 2 ,1l13-0 4 &.017-0', O.OGO 4.19'1-03 -a 
3.'000+06 5.562-02 7.,72+00 3.001-01 2.361+00 2.577-03 1.009+01 2.130-05 2.823-03 1.149-1)4 ?O4?-04 9.81'09-07 3.865-03 

,.... 
m 

4.000+06 3.132-02 6.152+00 1.978-G1 ~.S36+GO 1.051-02 9.928+09 1.19<;-05 2.356-03 7.57;:-05 1035&-i13 4.025-06 3.802-(;3 .:-' 
5.000+06 2.005-02 5.3H+OO 1.4~7-01 4.537+0~ 2.091-02 1.004+01 7.678-06 2.030;-03 5 .%~-C~ 10 737-03 hOO~-06 3.844-03 

6.000+06 1.3'13-02 4.697+00 1.'46-01 5.3Q9+D0 3.207-02 10026+C I 5.335-06 1.799-03 4.38~-OS 2.06,-03 1.228-05 J .928-03 » 
7.0eO+06 1.023-02 4.222+00 9.417-02 6.160+0G 4.317-02 10053+01 3.918-0b 1061 7-03 3.606-n 5 2.351<-03 1.6~3-05 4.032-0.5 Z 
8.000+06 7.836-03 3.f43+00 7.975-02 6.8~G'OO 5.391-02 1.083+01 3.001-06 1.1.72-03 3.05~-OS 2.621-03 2.0bS-OS 4.147-03 C 
~.nOO+06 6.1'l2-03 3.533+00 6.901\-02 7.466 +00 6.417-02 1.114+01 2.:>:71-06 1.353-03 2.645-05 2.8 5'~-O ~ 2.&57-05 4.266-03 -t 
1.0CO+07 5.016-03 ~.273+00 6.087-C2 8.036+00 7.391-02 1.145.01 1.921-06 1.253-03 2'031-05 ?07i-03 2.R30-05 4031<4-03 0 
1.10C+07 4.145-03 3.053+00 S.43e-C2 8.5b3+np 8.311-02 1.176+0; 1.587-06 1.169-(13 2,~83-05 3.Z7?-03 3.183-05 4.503-03 -t 
102(\0+07 3.&83-03 2.863+00 4.912-02 9.051+00 9.178-02 1.206+01 10 334-06 1.096-03 7.8111-05 3.4M-03 3.515-05 4.618-03 » 
7.300+C7 2.968 -0 3 2.697+00 4.477-02 9.509+00 9.994-02 7.235+01 10137-06 1.033-03 10715-05 ::.b4?-O~ 3.827-05 /,. .T~1-03 

,.... 
7.400"07 2.559-03 2.552*00 4.112-U2 9.932+00 1.077-01 1.264+0' 9.800-07 9.773-0& 1.575-05 ,.80;-03 4.124-05 &.f~o-03 » 
7.500*07 2.229-03 2.423+00 3.801-02 1.033'01 1.150-07 1.291+0' 8.536-07 'l.279-04 1e&56-CS 3.95&-03 4.40&-C5 4.943-03 -t 

1.61)0+07 1.geo-03 2.307+00 3.534-n 1.069+01 10 226-0 1 1.316+0' 7.506 -07 8.835-34 1.353-05 '.O9~-O3 4.672-05 5.038-03 0 
1.800"07 1.5&8-03 2.109+CO 3.097-07 1.135.01 1.349-01 1.363+0' 5.928-07 8.077-04 1.186-05 4.347-03 5.166-05 5.218-03 ~ 
?O 00+ 0 7 1 .254-03 1.945+nO 2.756-02 1.194'01 1.466-01 1a406+0~ 4.802-07 7.449-04 10055-05 4.5 7!-O::r 5.614-05 5.385-03 n 
2.200'07 1.036-03 1.1106+00 2.482-02 1.24l!+Ol 1.573-01 1.447+0', 30'167-07 6.916-04 9.50S-0b 4.779-(13 6.021.-05 5.541-03 
7..400- 07 8.709-04 1.688+00 2.257-02 1.296+01 1.b71-01 1.484.01 3.33S-~7 6.464-0& 8.643-06 4.96]-03 6.399-05 5.683-03 n 
?600+07 7.&21-04 10585+00 2.069-CZ 1.341+01 1.762-01 1.519.01 2.842-07 6.070-0& 7.923-0/, 5.13'-V3 6.7G8-0S 5.818-03 '" 
2 .800+07 6.399-04 1.495+00 1.910-02 1.3111+1)1 1.845-01 1.551+0' 2.451-07 5.725-04 70315-06 5.289-0, 7.066-05 5.939-03 0 
3 .00(\.0 7 5.574-04 1.416+00 1.7U-02 1.419+01 1.923-01 1.582+01 2.135-07 5.423-04 6.794-0l 5.1.3\-03 7,364-05 6.057-{)3 VI 

VI 
4.000+ 0'7 3·135-0& 1.125+00 1.307-02 1.57;>'01 2.2& 5-01 1.7{)8+0~ 1.201-07 4.308-0& 5.005-06 6.02~-O3 8.597-05 6.542-03 
5.000+07 2.007-04 9.39?-Ol 1.034-02 1.685+01 2.&87-01 1.805+01 7.606-6a 3.597-04 3.960-06 6.45!-C 3 9.524-05 6.912-03 VI 

m 
6.000-07 1.394-01, 8.092-01 8.5~6-03 1.774+01 2.679-01 1.BI'3+01 5.33E~08 3.099-04 3.277-06 6.79'-0~ 1.026-04 7.210-03 n 
e.000+07 7.839-05 6.382-01 6.358-03 1.964+01 2.967-01 1.'198+01 3.002-08 2.444-04 2.435-0t> 7.292-03 1.136-04 7.652-03 -t 

1.00Q+08 5.017-05 5.297-01 5.059-05 1.<;96+01 3.175-01 2.0e1+01 1.921-08 2.029-04 1.937-06 7.644-03 10216-04 7.97C-03 (5 
1.500+08 2.230-05 3.772-01 3.347-03 2.1&3+Cl 3.516-01 2.216+01 8.540-09 1.445-04 1.282-06 8.20'-03 10347-04 8.487-03 Z 

~ Z.H'I(H()8 1.254-05 2.958-31 2.501-03 2.230+01 3.732-01 2.297+01 4.802-09 1.133-04 9.578-07 8.54~-O3 1.429-04 R.797-03 lit 

... ;.OOC·08 5.571.-06 <.096-01 1.661-03 2.331+01 3.994-01 ?3Q2+01 2 .135-69 8.027-05 6.361-07 8,92'-03 1.530-04 9a1t-l-03 ..." 
:T 

~ 
4 .~~O-OB 'I. 135-0b 1.642-01 1.2£4-03 2.390+01 4.150-01 2.448+01 1.201-09 6.288-05 40 764-0 7 9.153-03 1.589-'-04 9.375-03 0 
5.JO~·08 2.007-06 1.35<>-01 9.937-04 2.42f,+u1 4.257-01 2.484+01 7.686-10 5.20&-05 3.!!O5-07 9.29&-03 1.630-04 9.514-03 XI' 

n 6.lnO+08 10393-06 lo1b4-01 3.274-04 2.455+C1 4.335-01 2.510+01 5.335-10 4.458-05 3.169-07 9.401-03 1.660-04 9.613-03 -a 
:T 8.')00>08 7.838-07 1'.01'8-02 6.200-04 2.4'11+01 1..443-01 2.545+01 3.P.02-! 0 3.4tO-05 2.374-07 9.541-03 1.701-04 ".745-03 • 3: 
? 1.JOr·09 5.Q16-Q7 7.H7-02 4.9S7-04 7..515+01 1..515-01 2.568+01 1.921-10 2.8b3-05 1.898-07 9.63"-03 1.729-04 9.833-03 0 

'" 
1. ;PO+09 7.230-07 5.2l1-G2 30302-04 2 .~49+01 4.623-01 2.600+01 8.54G-I1 1.999-05 1.265-07 9.76~-03 1.710-04 9.959-03 -r 

~ 
?~OO+OQ 1.254-07 4.r./,1-~2 2.476-04 2.56S-01 4.684-01 2.619+01 I. .802-11 1.548-05 9.482-08 9.83.-03 1079&-04 1.003-02 0 
:3. ~ C 0+ 0 9 5.57&-08 2.etC-02 1.650-04 2.588+01 1..751-01 2.638+01 2.135-11 1.076-05 6.319-0S 9.91'-03 1.819-04 1.010-02 Z 

1:1 &."00+09 3.135-08 2.169-02 1.237-04 2.59P+Ol 4.790-01 2.648+01 1.201-11 8.306-06 4.737-08 9.94'-03 1.834-04 1.014-02 VI 
Q 

5.IO~+09 2.007-0B 1.773-02 9.896-~5 2.6D5+01 4.814-01 2.655+01 7.686-12 b,790-06 3.790-08 9.976-03 1.844-04 1.017-02 
Q . 6.~pa+09 10393-08 1.504-02 8.246-05 2.61P+Gl 4.!l31-01 2.660+01 50335-12 5.760-06 3.'58-08 9.995-03 10850-04 1.019-02 

< 8.~OO+09 7.838-09 1.159-02 6.184-05 2.61t+Ol 4.854-01 2.666+01 3.002-12 4.439-06 2.368-08 1.1102-02 1.859-04 1.021-02 

~ 1.900'10 5.016-09 9.460-03 4.947-05 2.670+~1 4.868-01 2.670+01 10921-12 3.623-06 1.895-08 1.003-02 1.864-04 1.022-02 

~ 
I.S0P+10 2.230-09 ".537 -()3 3.29!l-OS 2.625+61 4 .Q88-0 1 <,.675+01 S .540-13 2.;03-06 1.263-0P l.001-1l2 10872-04 1.024-02 

2.100+10 1.254-09 5.02b-03 2.473-05 2.628+01 4.e,99-01 2.677+Ql 40802-13 1092~-06 9.471-09 1.006-02 1.876-04 1.025-02 

Z 3.100+10 5.57&-10 3.466-03 1.649-05 2.b~1+Dl 4.910-01 2.660+01 2·135-13 1.327-06 6.315-09 1.00S-02 1.880-04 1.027-02 
0 

4.100+10 :<.135-10 2.661-03 ',237-05 2.633+01 4.917-01 2.682'H)1 1.201-13 1.()19-06 40737-09 1.00S-02 1.883-04 1.027-02 

!" 5.100+1~ 2.007-10 2.167-03 9.892-06 2.634+01 1..921-01 2.683+01 7.686-14 8.299-07 3.788-09 1.00 ~-02 10885-04 1.028-02 

~.'OO+10 1.393-10 1.832-03 8.24&-N, 2.6~5+01 4.924-01 2.684+n1 5·335-14 7.016-07 3.157-09 1000~-02 1.886-04 1.028-02 -:0 e.DryO+10 7.838-11 1.405-03 6.183-06 2.t>~5+01 4.927-01 ;>.634,01 3.002-14 5.381-07 2·3b8-0'l 1.009-02 1.887-04 1.02~-02 -... 1.100+11 5.016-11 1.143-03 4.9&6-06 2.636+01 4.929-01 2.685+01 1.921-14 4.377-07 1.894-09 1000 ~-02 1.888-04 1.028-02 C 
0 ~ 



!-
TABLE 6. Cross sections and mass attenuation coeffieients for the individual and total photon atom interaction processes 1 MeV to 100 GeV .. ::r Z=l to tOO-Continued ' , -... 0 l' CI) 

n 
::r • 65. 18. TERBIU" nO"'IC H. = 15S. Q 254 HSO/KG ,V0037891 BARNS/ATO~ ~JlTTPlY MSO/KG AY 10 FOR CMSO/G 
~ 
", PA l~ PRODUCTION P nR PRODUC T I ON 

~ SCHTE'lHG SCATTERING 

0 PHOTON PHOTD- N~CLEAR ELECTRON TOTAL PHOTO- NUCLEAR HE CTRON TOTAL 

! E NEPGY COHERENT INCOHER. ELECTR IC fiELD FIE LD COHfRENT INCOHEH. ELECTRIC FIEtD i'! ELO 

~ 
< [V 8/A TOM E!UOM 8/A TO H BIATOI'! B/HOM SlAlOM HSO/KG "sonG HSO/KG MSO/KG IISO/KG KSO/~G 

~ 
~ 1.000+06 5.165-01 1.J65+01 2.184'CO o .()O 0 0.000 1.635'01 1.957-04 5.172-03 8.276-0. 0.0 GO o.COO 6.1"6-03 

Z 1.022+06 4.,,48-01 1.!5,..Cl 2.090.00 0.000 0.000 1.609·01 1.&75-0t. 5.119-03 7.'119-0. o.oeo 0.000 6.0'1 0 -03 

!' 1.250'06 3.~24-01 1.123+01 1.409+00 6.914-1}2 11.000 1.404+01 1.260 -ot. 4.634-03 5.339-0. 2.62("-05 0.000 5.3?P-03 

,'" 1.500+06 2.316-01 1 .113+01 1.006+00 3.1'19-01 0.000 1.269'01 a.776~05 4.?17-03 3.P12-0' 1.212-0-4 0.000 4.80P-03 
2.000·+06 1.307-01 ".107'00 6.103-01 1.025+00 0.000 1.127.01 4.953-05 3.602-03 2.313-0. 3.884-D4 O.DOO 4.272-03 

~ ?044·06 1 .252-01 9.J90+00 5.886-01 1.091+00- 0.000 1.119+01 4.14 4 -05 3.558-03 2.230-0. 4'134-()4 0.000 4.242-03 
01 3.000+06 5.824-02 7 .. 87.00 3.215-01 2.443+00 2.617-03 1.031 + 0 1 2.207-05 2.837-03 1.21B-0; 9.257-04 9.916-07 3.90S-03 0 

4.000.06 3.279-02 6.148·0C Z.118-01 3.651'60 10067-02 1.015+01 1.242-05 2.368-03 1;.026-01 1.383-0~ 4.043-06 3.848-03 
5.000'06 2.10C-()2 5.397'00 1.56C-Ql 4.toO'CO 2.123-02 I.U?8'01 7.957-06 2.045-03 5.91'-0S 1. 773-0 ~ 8.045-06 3.894-03 
e.OCO·06 1.458-02 4.771'00 1.227-01 5,564+00 3.256-02 1.050+01 5.525-1)6 1.&38-03 1 .. 649-01 2.1 OP -o.~ 1.234-05 3.9~1-03 

7.~or.06 1.072-02 4.]R8+CO 1.COP-Ol 6,346+00 1 .. 383-02 1.079+01 4.062-06 1.625-03 3.8211-01 2.405-0? 1.661-05 4.0S8-03 
8.000+06 8.206-03 3.903+00 ~.533-02 7,048+00 5.474-02 1.110·01 3.109-06 1.47<;'-03 3.233-01 2.671-03 2.074-05 4.206-03 
9.000+~6 6.484-03 3.1118+00 7.389-02 7.6P6+00 6.S16-02 1.142+01 2.457-06 1.360-03 2.80~-O\ 2.912-03 2.46S-0S 4. 3?7-C 3 :x: 
1.000'07 5.252-03 3.324+60 6.511-02 8.271+(lO 7.504-02 1.174+01 1.990-06 10260-03 2.467-0S 3.1;4-03 2.843-05 4.44<i-03 c: 

IJI 
1.100.07 4.341-03 3.101+00 5.816-02 8.812+00 8.439-02 1.206+01 1.665-06 1.175-03 Z.?C4-01 ~0339-03 3.1.98-05 4.570-03 CII:I 
1.200'07 3.648-03 2 .~OS +00 5.253-02 9.314+()O 9.319-02 1.237+01 1.382-06 1.102-03 1.9 .... 0-01 3.529-03 3.531-05 4.688-03 m 
1.3JO'07 3.1!)8-03 2.740+00 4.787-02 9.184+00 10015-01 1.268'01 1.178-06 1.038-0~ 1.814-QS 3.707-0~ 3.846-05 4.80~-0~ 

,... 
1.4rO+07 2.680-03 2.\92+00 4.391-02 1.022+01 1.093-01 1.297+01 1.016-06 9.82'Z-C/. 1.666-01 3.873-03 4.142-05 4.914-03 r 
1.500'07 2.335-03 2 •• 61+00 4.065-02 1,06?+!}1 10168-01 1.3?4+01 8.848-07 9.325-04 1.S40-0S 4.024-03 4.426-05 5.017-03 (i) 
1.600+07 2.C52-03 2.343+00 3.713-02 1.100'01 10239-01 1.351+01 7.775-07 e.878-04 1.432-05 4.168-03 4.695-05 5.118-03 i 1.800+07 1.621-03 2.142+0r. 3.311-07. 1.168+01 1.369-01 1.399.01 6.142-07 8.117-04 10255-01 4.4 U-O 3 5.187-05 S.JQ3-03 
2.Doe+07 1.313-03 1.975+00 2.9&6-02 1.;>28+01 10488-01 1.A43>01 & .,,75-07 7.484-04 1.116-01 4.653-03 5.6:!E-05 5.4 70 -03 ~ 
?.200·07 1.085-03 I.B5+00 2.653-02 1.283+01 1.597-01 1.485'01 4.111-07 6.953-04 1.00S-0l 4.M?-03 6.051-0S 5.t~P-03 

2.400'07 <l.IZ0-04 1.'14.00 2.412-02 1.333+01 1.696-01 1.524.01 3.456-07 6.495-04 9.140-06 5·051-03 6.427-05 5.774-03 )0 
2.600+~7 7.771-04 1 •• 10+00 2.212-0, 1,379+01 1.78B-Ol 1.560+01 2.<;'45-07 6.101-04 8.382 -010 5.225-03 6.775-05 5.912-03 Z 
2.Poo·07 6.701-04 1.\19+00 2.042-02 1.421+01 10673-01 1.594+01 2.539-07 5.756-04 7.738-0. 5.384-03 7.097-05 6.039-03 1:1 
3.000+07 5 .83 7-0~ 10<38 +00 1 .B96-~2 1.459+!'1 10952-01 1.624+01 2.212-07 5.449-04 7.184-0. 5.52£-03 7.397-05 6.155-03 

& 4.000.07 ~.21\3-04 1.143+00 1.397-0, 1.617'Ul ;>.278-01 1.756' 0 1 1.244 -Of 4.331-04 5.294-0' 60127-03 8.632-05 6.65~-03 

5.000.07 2.101-04 9.\38-r.l 1.105-C2 1.734'01 2.524-01 1.856+01 7.961-08 3.614-04 4.187-0. 6.571-03 9.564-05 7.032-03 < m 
6.00n,07 1.459 -04 8.11B-Ol 9.1&3-03 1,824+01 2.718-01 1.934+01 5.528-08 3.114-04 3.464-0. 6.912-03 1.030-04 70329-03 :II)' 

~.OCO+07 8.?O9-05 6 .. 81-01 6.794-03 1.958+01 3.010-01 2.054+01 3.111-08 2.456-04 2.574-0. 7.419-03 101£1-04 7.782-03 IJI 
1.00NOR 5.253-05 5.,80-01 5.&05-0~ 2.1.'53-01 3.22 I -0 1 2.Hu+Ol 1.990-08 2.039-04 2.048-06 7.779-03 1.221-04 8.107-03 Q. 
1.500+08 2.335-05 3.~31-01 3.576-03 2,203+,,1 3.568-01 2'277+01 8.B48-09 1.452-04 1.355-0' 8.348-03 1.352-04 8.629-03 
? .OOO·OP. 1.313-05 3.004-01 2.672-~3 2.2'i3+01 3.7P4-01 2.361'01 4.975-0S. 1.138-04 1.012-0t) 8.689-03 1.434-04 8.947-03 
3.roe'08 5.837-06 ?129-01 1.775-03 2 .397+01 4.048-01 2.459+01 2.212-0<;' P.067-05 6.726-07 9.083-03 1.534-04 ·9.318-03 
4.0~O+08 3 .2P.3- 06 1.6f7-01 1.329-03 2.456+01 4.2C6-0 1 2.515·01 1.244-09 6.317-05 5.036-07 9.306-03 1.594-04 9.529-03 
~.COO+08 2.101-06 1.38C-Cl 1.062-03 2.496+Cl 4.314-01 2.553+01 7.961-10 5.229-05 4.024-07 9.45P-0~ 1.635-04 9.674-03 
6.eeO+08 1.459-06 1.182-01 ~.!\40-04 2.524+01 4.393-01 2.580.01 5.528-10 4.479-05 30350-07 9.564-03 1.665-04 9.776-03 
2.00C.0~ 8.208-07 9.230-02 6.t24-04 2.561+01 4.502-01 2.615'01 3.110-10 3.497-05 2.510-~1 9.704-0! 1.706-04 9.'110-03 
1.000+09 5.253-07 7.\93-02 5.296-0, 2,585+01 4.574-01 2.638.01 1.990-1G 2.877-05 2.007-07 9.795-03 1.733-04 9.997-03 

"~OO·O" 2.335-07 5.,03-02 3.52~-O4 2.620+()1 4.6S2-0 1 2.672+01 8.&48-11 2.009-05 1.337-0' 9.928-03 1.774-04 1.013-02 
2.0cr-oo 1.313-07 4.104-02 2.645-04 2,639+01 4.744-Pl 2.691+01 4.975-11 1.555-05 1.002-0' "000-02 10798-04 1.020-02 
3.000+09 5.;37-08 2.~54-02 1.763-r4 2.65,,'01 4.Rl1-0 1 2.710.01 2.212-11 1 .081-05 6.680-01 1.008-02 1.823-04 1.027-02 
4.000'09 3·2!!3-0S 2.103-02 1.322-04 2.670+01 4.851-01 2.721'01 1.244-11 S.348-06 5.009-08 1.012-il2 1.838-04 1.031-02 
5.000+09 2.H)I-0B 1.801-02 1.057-04 2.677+01 4.875-01 2'728+01 7.961-12 6.824-06 1..005-01 1.014-02 1.847-04 1.034-07 
6.000+09 1.I.S9-0l' 1.17.7-02 8.810-05 2 ,~1I2+01 4.B97-01 2.732+01 5.528-12 5.786-06 30338-01 1.016-02 l.a54-04 1.035-02 
P.OOO+09 ~ .?08-09 1.177-07. 6.607-05 2.68B+01 4.9/5-01 2.738+01 3.110-12 4.460-06 2.504-0S "019-02 I.P62-04 1.038-02 
1.000_10 5.,53-0'1 9 •• 07-03 5.285-05 2.6 0 2+()1 4.929-01 2.742+01 10990-12 3.640-06 2.003-0t 1.1120-02 1.8b8-04 1.039-02 
10500+10 2.335-09 6 •• 4V-03 3.0;23-05 2.698+01 4.949-0 I 2.74a.rl 8.848-13 2.516-06 10335-08 1.0n-02 1.875-04 1.041-02 
2.000.10 1.313-09 5.104-03 ?642-C5 2.70hOl 4.960-01 2.751+01 4.975-13 1.934-06 1.001-0~ 1.023-02 1.879-04 1.042-02 
3.000.10 5 .~37-1 0 3. ;20-03 1.761-05 2.l04.lll 4.971-01 2.754 + 0 1 2.212-13 1.334-06 6.1073-0. "025-02 1.884-1)4 1.044-02 
4.000+10 3.283-10 2.103-03 1.321-0~ 2.l06+01 4.9 7E-0 1 2.756 +0 1 1-244- 13 1.024-06 5.006-09 1.025-02 I.R86-04 1.044-02 
5.000+1G 2.101-10 (.~01-03 1.057-05 2.767+01 4.983-01 2.757+01 7.961-14 S.340-07 4.005-09 1.026-02 1.888-04 1.045-02 
6.000.10 1.,59-10 1.360-03 8.B07-06 2.107+01 4.'185-01 2.757'01 5.528-14 7.04S-07 3.337-09 1.0U-02 l.e89-04 1.045-02 
~.000.10 8.208-11 1.126-03 6.605-06 2.708+01 4.98b-Ol 2.758+01 3.110-14 5.403-07 2.503-09 1.026-02 1.8<;'0-04 1.045-02 
1.000.11 5.253-11 1.161-03 5.~84-06 2.70Q.Ol &.990-01 2.759+01 1.990-14 4.3'19-07 2.002-0·, 1.027-()2 I.P91-04 1.1l45-02 



1.\BLt: 6. Cr(·~ :;~Ctl0n5 :'inc! n1::s..~ :ltt~nll:nion ("(\pffich:nts for the individl1al :l.nd 101al photon atOrIl in,(,?~3c:ion proc·~·$.';:·:~~ 1 :'.!e\- t<) 100 GeV, 

Z= 1 to lOo--Continued 

66. DY. DYSPROSIUM ATOMIf ~T. c 162.50 I1S0/K~ .000,7059 BARNSIATOH MULTIPLY HSQ/KG BY 10 FOH (!oISa IS 

PAIR PRODUCTION p~IR pRODuCTlCN 
SCATTERING ~CA HER IN(; 

PHOTON PIiOl()- ffUCLElR ELECHCN TOTAL PHCTO- tlUI:lEAR ElECTQON TOTAL 

ENERGY CO'lERENT INCOHER. ElECTRIC FJELD FIELD Clf'ERENT II/COllER. HEnRIe FIELD FIELD 

EV 90TOl1 BIAlOH B IATOM BIATeM B /A TO- e/ATO~ MSfJ/Kt:. IISO /KG IISe/KG MSQ/KG '1S0/KG !ISO/KG 

1.000+!)6 5.4QO-01 1.386+01 2.340+ O( 0.000 0.000 1.674+'11 2.001-04 5.136-03 1;.612-04 Q .000 J.n 00 6.204-03 ." 

1.02<'+06 5.173-01 1.~72+01 2.239+0f 0.000 0.000 1.648+'11 1.917-04 5.084-03 8.2S7-04 0.000 0.000 60106-03 ~ 
1.250·1l6 3.476-01 1.242+01 10 S09+ O( 7.209-0<, 0.000 1.435+)1 1.28S-04 4.603'-03 5.Sn-04 2.67?-OS O.OUO 5.]17-03 ::a 
1.500+06 <:.421-01 1.130+01 1.078+f\t 3.3~8-01 0.000 1.2'15+.)1 8.97;!-OS 4.188-03 3.995-04 1.237-04 0.000 4.801-03 

,.OIlC'06 1.367-01 9.653+00 6.536-0' 1.065+0e 0.000 1.151+)1 5.06~-05 3.,77-03 2.4<2-04 3.947-04 0.000 4.265-03 ... 
1.044+06 1.309-01 9.S34·00 t .• 30J-O' 1.133+00 0.000 1.143+)1 4.851-05 3.533-03 " .336-04 4.19S--04 0.000 4.235-03 :G 

:; 
3.000+06 6.092-02 7.602+110 3.441-01 2.S<'7+00 2.657-(3 1.054+)1 2.2Se-oS 2.&17-03 1.;>;5-04 9.365-04 '1.847-07 3 .9~5-03 .... 
l.OOO+O6 3.4]0-02 6.344+011 2.266-C1 3.769+Cii 1.083-(2 1.03R+)1 1.271-05 ?.351-03 8.3SIl-05 1.3Q7-03 4.013-06 3.8.48-03 m 
~.OOO+06 2.196-02 S.48C+OG 1.6H-O' 4.824+00 2.156-02 1 .0Sl +il 8.13E-06 7.031-03 6.1~1-0S 1.7"8-03 7.990-06 3.£;96-03 ..:-' 
t.()OO+06 1.525-02 4.844~OO 1.312-01 5.732+00 3.306-C2 1.076+Jj 5.651-06 1.795-03 4.!lf2-05 2.124-03 1.225-05 3.9P6-03 » 
1. ()OO+OIl 1.121-02 4.3S4+00 1.077-01 6.534+0C 4.450-D2 1.105+Jl 4.154-06 1.614-03 3.9~1-05 2.421-03 1.649-05 4.09l,-03 Z 
p.OOQ+e6 ~.Sa3-03 3.963+00 9.121-0, 7.254 + 00 5.557-D2 1.137+')1 3.181-06 1.46S-03 303fO-05 2.698-03 2.r59-05 4.214-03 C 
~.CO~+06 6.n2-03 3.643+0(.' 7.898-02 7.909+00 6.614-02 1.170+<)1 2.513-06 1.350-03 2.927-05 2.9~1-03 2.451-0S 4.337-03 

1.000+07 5.4<;4-03 3.376+00 6.959-0. 1'.509+ 00 7.618-02 1.204 Hl 2.1136-06 1.251-03 2.5i9-0~ 3.153-03 2.823-05 4 .46~-O3 ... 
101ryO-07 4.541-03 3.148-00 6.215-0< o.064+eO 8.566-02 la 236+~ 1 1 .683-06 1.167-03 2.3B-OS 3.35"-03 3.174-~5 4.582-03 0 
1.200-07 3.816-03 2.953+0(, 5.613-0, 9.579+00 O.460-D2 1.269+01 1.414-06 1.094-03 2.0S0-0S 3.550-03 3.506-n5 4.7°1-03 ... » 
10300+07 3.251-03 2.752+00 5.115-0, 1.006+01 1.030-01 1.300+~1 1.205-0(- 1.031-03 1.8S6-05 3.nl'-03 3.817-0S 4.817-03 roo 
1.1.00+07 2.803-03 2.637+00 &.698- 0 2 1.051+01 1.110-01 1.330+'11 1.039-06 9.754-04 1.71.1-05 3.8.5-03 4.114-05 4.930-03 » 1.5 O~+ 0 7 2.442-03 2.4910+00 4.31.2-0, 10092+01 1.186-~1 1.358+01 9.050-07 9.257-04 1 .609-0 ~ 4.0~7-03 4.395-05 5.033-(}3-

1.600+07 2.146-03 2.379-00 4.037-02 1.131+01 1.257-01 1.386+01 7.953-07 8.816-04 1.4Q6-05 4.171-03 4.658-05 5.135-03 
... 
0 

1.1'00+ 07 1.696-03 20175+00 3.537-02 1.201+01 1.391)-01 1.436<-~1 6.285-07 8.060-04 1.311-05 4.4) 1-0 3 5.151-0~ 5.322-03 3: 
2.flOO'O? 1.374-03 2.00'i+{\O 3.147-02 1.263+C1 1.5H-Ol 1.482+01 5.092-07 7.430-04 1.166-05 4.6'1-03 5.596-05 5.492-03 

,.200+U7 1.135-03 1.1.'63-00 2.833-02 1.320+01 1.621-01 1.525+01 4.206-{\7 6.904-01. 1.050-05 4.8?7-03 6.007-05 5.65,-03 n 
?. "Ofl' 0 7 <;,.540-04 1 • 7 41 - 00 <.577-n2 1.371+C1 1.722-01 1.565+&1 3.S3'-07 6.452-04 9.550-06 5.0~1-03 6.382-0S 5.800-03 n 
2.600+07 ~.129-04 1.635+00 2.362-02 1.418+01 1.815-01 1.6e2 .. , 3.013-07 6.059-04 8.753-06 5.2;~-03 6.726-05 5.937-03 :G 
2.ROO+07 7.009-04 1.542+00 2.181-02 1.461+01 1.901-01 1.636+01 2.597-07 ~.714-04 e.083-0{' 5.414-03 7.045-05 6.065-03 0 
3.000+07 6.106-01. 1.4cC+CO 2.C25-~2 1.500+~1 1.981-01 1.f·68-., 2.263"07 5 • .411-04 7.504-06 5.5;9-03 7.341-05 6.1el-03 11\ 

1..00(\+07 ' .434-04 1.160+00 1.491-C2 1.662+01 2.312 -01 1.803+01 1.273-07 1..299-04 5.525-06 6.159-03 8.568-05 6.680-03 11\ 

5.000+07 2.19P-0/. 9.68S-~1 1.10&-02 1.782+01 2.561-01 1.90t.+., 8.146-0f 3.589-04 4.373-06 6.6)4-03 9.491-0S 7.Q62-03 U> 

6.000.07 1.526-01. 8.345-01 9.762-03 1.876+01 2.757-~1 1.9~8+.' 5.655-08 3.093-04 3.618-(16 6.9;2-03 1.022-04 7.367-03 m 

8.00~+07 8.SR c -05 6.~81-01 7.253-03 2.013+01 3.052-01 2.110+01 3.182-QB 2.439-04 2.688-06 7.460-03 1.131-04 7.820-03 n ... 
1.~Cr+r.8 5.41'5-0S 5.462-01 5.770-03 2.111+01 3.265-{)1 2.199+&1 2.036-08 2.024-04 2.131:-06 7.8?3-03 1.210-04 ~ .149-03 0 
1.5rO.OB 2.1.42-05 :.0.890-01 3.81 E--03 2.265+01 3.6H-01 2.340Hl '1.050-09 1.442-04 1.415-06 8.394-03 1.340-04 8.673-03 

~ 2.1)00+08 1.314-05 3.050-01 2.B53-0! 2.356+01 3.834-01 2.425+.1 5.0~2-D" 1 .130-04 1.057-06 8.7~1-03 1.421-04 8.9R7-03 Z 
en 

.... 3.0 QQ+OS c.105-06 2.162-01 l.g94-0:" 2.&63+01 ~.100-01 2.526+Ql 2.2t>2-()<; 8.(,12-05 7.019-07 9.1?8-03 1.519-04 9.~60-03 

". 4.00~+OS 3.434 -06 1.693-01 101.18-03 2.521. '01 ~.259-01 Z.SI'4+Gl 1 .273-09 6.274-05 5.255-07 9.3 ;4-0:3 1.571l-04 9.575-03 on 
'< 0 
!" 5.0Qf+08 2.198-06 1.402-01 1.133-03 2.561.+&1 4.367-01 2.622+01 S.H6-1e 5.196-05 4.199-07 9,512-03 1.618-04 9.716-03 ::v 
n 11.000'08 1.526-06 1.200-01 9.436-04 2.593+01 4.447-01 2.650+01 S.C55-10 4.447-05 3.497-07 9.6-)9-03 1.648-0 4 9.E1Q-03 
". P.OQO+OB 8.5P6-07 9.372-02 7~O70-04 2.631+01 4.5~6-01 2.6P6+n 3.182-10 3.473-0S 2.620-07 9.7,0-03 1.688-04 9.954-03 ." .. 
? 10000-09 5.4g5-07 7.710-02 5.653-04 ?.65S+01 4.629-01 Z.709+Gl 2.036-10 2.857-05 2.095-07 '1.839-03 1.715-04 1.004-02 X 

1.S00+P9 2.447-07 S.3I\S-02 3.766-~4 2.69 1+01 4.737-01 2.7U+('1 9.050-11 1.q96-()5 1.396-()7 9.973-03 1.7S5-04 1.017-02 0 

'" 2.000+09 1 .374-07 4.168-02 2.P.2}-04 2,710+01 4.799-01 2.762H1 S .0.,,2-11 1.545-05 1.046-07 1.004-02 1.778-04 1.0<'4-02 ... 
to 0 
=" 3.000.09 6.105-08 2.898-02 1.£SI-04 2. 7 31+()1 4.866-01 ,.783+Ql 2.262-11 1.074-05 6.971-08 1.012-02 1.803-04 1.0~1-02 Z 
c 4.nOr+G9 3.b3~-08 2.237-02 1.~11-04 2.743+01 4.9(\6-01 2.794+~1 1.273-11 a .290-06 5.229-08 1.017-02 10"18-0& 1.036-02 U> 

S. ~,rOO+09 ?1ge-Op 1.829-02 1.129-04 2.750+01 4.930-01 2.801+~1 8.146-12 6.778-06 ~.184-0& 10 0 19-0 2 1.l!27-04 1.03~-0? 

!' 6.~OO+O9 1.526-08 1.5S1-C2 9.~04-0S 2,755+01 4.947-01 2.806+~1 5.655-12 5.748-06 3.4!!S-OS IoOn-02 1.833-04 1.040-02 

< 8.000+09 8.586-09 10195-()2 7.052-05 2.761+01 4.979-01 2.812+U 3.182-12 .4 .429-06 2.613-08 1.013-02 1.842-04 1.042-0? 

~ 1.000+10 5.495-09 9.755-03 5.641-05 2.765+01 4.984-01 2.!!16+H 2.&36-1;> 3.615-06 2.090-08 1.015-02 1.847-04 1.(144-02 

1.SPO+19 2.442-09 6.742-03 3.761-05 2. 7 71+01 5.004-01 2.822+(1 9.05C-13 "2.499-06 1.394-08 1.071-02 1.1:'54-04 1.046-02 

:.0 2.00C+l0 1.374-09 5.183-03 2.820-05 2.714+01 S.015-01 2.825<-U 5.092-13 1.921-06 1.045-08 1.018-02 1.S5B-04 1.047-02 

Z 3.000-10 6.105-10 3.S7&-03 1.~80-0S 2. 777 +01 5.026-01 2.828+(1 ? .26 2-13 1.324-06 6.967-09 1.01°-02 1.863-04 1.04P-02 

~ 4.0~0+10 3.434-10 2.744 -03 1./.10-05 2.779+01 5.033-01 2. 830+~1 1.273-13 1.017-06 5.725-09 1.030-02 1.865-04 1.049-0, 

'" 
5.CQO+l0 2.198-10 2.23S-03 1.1210-05 2.780+01 5.037-01 2.831+(1 8.146-14 8.283-07 4.180-09 1.0l0-0? 1."67-04 1.04'1-02 - 6.000+10 1.526-10 1.889-03 9.40(\-06 2.781+01 5.040-01 2.832+(1 5.655-14 7.CQO-07 3.484-09 1.0'1-02 1.868-04 1.&49-0;: 

:0 ~.OOO+lq 8.586-11 1.44~-03 7.050-06 2.781+01 S.~43-01 2.832+(1 3.182-14 5.366-07 2.613-09 1.0)1-02 1 .~_69-0 4 1.049-02 ... ... 1.000+11 5.495-11 1.178-03 5.64·0-06 2.782-01 5.04S-01 2.833-(1 2.036-14 4.366-07 2.C9C-Oo 1.031-02 1.870-04 1.0Se-02 0 
<:) -0 



TABLE 6. Cross sections and mass attenuation coefficients {or the individual and total photon atom intero.ctian processes, 1 MeV to 100 GeV, 
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67, HO, HOLMIUM ATOMIC VT. = 164.93~4 !lSD/Ke .000~6513 BARNS/~TOH MULTIPLY MSO/¥G 8Y 11 fOR CMSO/G 

:r .. PA JR PRODUCT rON PAIR PRODUCTtrlU 
? SCATTE~l NG SCATTER ING ... PHCTON PHOlO- NUCLHR LECIIION TOTAL PHOIO- ftUClEAR elECTRON TOHL 

~ ENEPGY COHERENT INCOHER. ELECTRIC FJEl(l r IElO COH ERENl INC()HER. ~LECTRIC FIELD FIElIl 

C 
EV B/ATOM • BIATOM BIATOH HSO/KG "SOIKG MSD/KG HSO/KG "SO/KG 

~ 
SIHOH B IA TOM B IATOM "SO/KG 

< 1.000+06 5.638-01 1"07+01 2.504+r.0 0.000 0.000 1.714+01 2.050;.-04 5.1~7-03 9.143-04 O.OQO 0.000 6.257-:15 

~ 
1.022+06 5.4~2-01 10392+01 2.396+00 0.000 0.000 1.686+01 1.972-04 5.083-03 8.748-04 o.o~o 0.000 6.155-03 
1.250006 3.630-01 1.?60+01 1.615+00 7.511-02 0.0110 1.465+01 1.32~-04 4.601-03 5.897-Ql 2.74(,-05 O.O(}O 5.350-03 

~ 1.';COo06 2.529-07 10147+01 1.153+00 3.481-01 0.000 10322+01 9.234-05 4.188-03 4.210-01 1.271-04 O.OOG 4.82e-03 

Z 
2.r. 00-06 1.428-01 9.798+00 6.991-01 1.107+00 0.000 10175+01 5.214-05 3.578-03 2.553-04 4.042-04 O.OOG 4.289-03 

!> 2.04£<06 1.367-01 9.678+ co 6.742-01 10177+00 o .OGO 1.167+01 4.991-05 3.534-03 2.462-04 4.298-04 0.000 4.260-03 

~.000-06 6.3/,4-02 7.717+00 3.679-01 2.613+00 2.697-03 10076+01 2.324 -os 2.818-03 10343-01 9.541-04 9.847-~7 3.930-03 
,Z> 4.000-D6 3.563-02 6'440+CO 2.422- 0 1 3.f88+00 1.100-02 10062+01 1.308-05 2.351-03 8.B43-05 1.420-03 4.016-'6 3.877-03 

:.: 5 .~OOo06 2.2Q4-02 5.562+00 1.782-01 4.971+00 2.188-02 1.076+01 P..376-06 2.031-03 to5u7-0\ 1.815-03 7.989-f6 ~ .927-03 

co A.QOO+06 1.5~4-02 4.917+00 10401-01 5.902+00 3.355-02 10101+01 5.820-06 1.795-03 5.115-0~ 2.155-00 1.225-15 4.020-03 
Q 7.COO+06 1.171-02 4.420+00 1.151-01 6.724+00 4.517-02 1.132+01 4.276-06 1.614 -03 4.;>03-01 2.4 SS-O~ 1.649-15 4.1~2-03 

8.000+06 8.968-03 4.(P3+00 9.739-02 7.463+00 5.640-02 1.165+01 3.274-0e 1.469-03 3.556-01 2.725-03 2,O~9-05 4 .25~-0~ 
:t 

9.000-06 7.086-03 3.698+00 ~.432-C2 8.134+00 6.713-02 1.199+01 2.587-06 1.350-03 3.079-0\ 2.970-0~ 2.4~1-~5 4.378-03 
10000+07 5.710-03 3.427+00 7.42b-02 8.7~O+00 7.731-02 10 2 33+ 01 2.096-06 1.251-03 2.712-01 3.19S-G3 2.823-05 4.504-03 C 

aI 
10100+07 4.ll4-03 3.196+00 6.634-02 9.319+00 8.694-02 1.267+01 1.732-0t. 1.167-03 2.422-01 3.4(;3-03 3.174-05 4.6;>7-03 aI 
10200007 3.986-03 2.997+00 5.990-02 9.648+00 9.60{J-02 10300+01 1.455-06 1.09£-03 2.187-01 3.596-03 3.505-05 4.748-03 m 
1.300+07 3.3~7-03 2.an'CO 5.459-02 1.034+01 1.045-01 1.333+01 1.240-0b 1.031-03 10 ,?03-0\ 3.775-03 3+816-"5 4.866-03 

.... .r 
1.400-07 2.9<9-03 2.672+00 5.013-02 1.080+01 1.126-01 10364+01 1.069-06 9.756-04 1.830-0\ 3.943-03 4.111-05 4.979-03 
1.500+07 2.511-03 2.536-00 4.634-02 1.123+01 1.203-01 10394+01 <;'0314-07 9.260-04 1.692-01 4.100-03 4.392-05 5.081\-03 Q 
1.600+07 2.242-03 2.415-0C 4.307-02 1.163-01 1.276-01 10422+01 8.18~-O7 8.818-04 1.573-01 4.246-03 4.659-~5 5.191-03 i 1.8CO+07 1.772-03 2.208+00 3.774-02 1.234+01 1.410-01 1.473+01 6.470-07 8.062-04 1.378-01 4.506-03 5.148-')5 50371\-03 
2.00Q+07 1.435-03 2.036+00 3.357-02 1.298+01 1.533-01 1.520+01 5.240-07 7.04-04 1.226-01 4.139-03 5.597-')5 5.551-03 ~ 
2.200+07 1.136-03 108'11+00 3.023-02 1.356+01 1.644-01 1.565+01 4.330-07 6.905-04 1.104-0~ 4.951-03 6.003-95 5.713-03 
2.400+07 '1.967-04 10767+00 2.7&9-02 1.409+01 1.747-01 10606+01 3.639-07 6.452-04 1.004-01 -5.145-03 6.379-')5 5.864-03 > 
2.60n+o? 1l.4Q3-04 1.659+00 2.520-02 1.457+01 1.841-01 106&4+01 3.101-07 6.057-04 9.201-0. S.320-03 6.722-)5 6.002-03 Z 
Z.8CO+O? 7.323-04 10565+00 2.326-02 1.501+01 1.929-01 10679+01 2.674-07 5.714-04 8.493-0. 5.481-03 7.043-05 6.131-03 0 
3.000+07 6.379-04 1.482+00 7.160-0;> 1.542+01 2.010-01 10 713+01 2.329-07 5.411-04 7.887-0. 5.630-03 7.339-05 6.253-03 

-& 
4.000+07 3.S &8- 0 4 1.178-00 1.5°1-02 1.708+01 2.345-01 1.1'51+01 1.310-07 4.301-04 5.e09-01> 6.236-03 8.562-)5 6.758-03 
5.00 r+(!7 2.296-~4 9.832-01 1.250-02 1.831 +01 2.597-01 1.957+Q1 8. 3P 3-08 3.590-04 4.597-0. 6.685-03 9.482-)5 7.144-0-3 < m 
6.000+07 1.5Q5-04 8.471-01 1.0£1-02 1.927+01 2.796-0 f 2.041+01 5.824-08 3.093-04 3.801-00 7.036-03 10021-)4 7.451-03 " ~.00O+O7 ~,9>0-05 6.681-01 7.735-C3 2.069+01 3.n94-01 2.168+01 3.275-08 2.439-04 2.824 -Ot 7.554-03 10130-)4 7.914-03 aI 

1.000+08 5.7.1-05 5.545-Cl 60153-03 2.16P.-Ol 3.310-01 ;>.257+01 2.096-08 2.025-04 2.247-0. 7.916-03 10209-14 8.242-03 0 
1.5nO+08 2.552-05 3.949-01 4.071-03 2.32l+'01 3 .6to5-0 1 2.403+01 9.318-09 1.442-04 1.486-00 8.493-03 1.338-)4 8.71?-03 
2.00()+OB 1.435-05 3.096-01 3.042-03 2.420-01 3.885-01 2,490-01 ~.240-09 1.130-04 1.111-01> 8.836-03 10 419-H 9.092-03 
3.000+08 6.3'9-06 2.195-(1 2.020-03 2.53~+01 4,153-01 2.594+01 2.329-09 8.015-05 7.376-01 9.238-03 10516-H 9.470-03 
4.000+08 3 .5~8-06 10 71 9-01 1.512-03 2.592+01 4.314-01 2.652+01 1.310-09 6.277-05 ~.521-0' 9.464-03 1.575-14 9.68<-03 

5.000+08 2.2~6-06 1.4('3-01 1.208-03 2.633+01 &.4(,3-01 2.692 +01 a.3t3-10 5.196-05 4.411-0 7 9.61£-03 1.615-14 9.828-03 
6.000+08 1.5·5-06 1.218-01 10006-03 2.662+01 4.503-01 2.719+01 5.824-10 4.447-05 3.673-07 9.720-03 1.644-~4 9.929-03 
IhOOO+08 8.970-07 9.51 £-C2 7.539-04 2.701+01 4.61 ~-Q 1 2.757+01 3.275-10 3.474-05 2.753-01 9.862-03 1.684-,)4 1.007-02 
, .0~0+09 5.741-07 7.S27-02 6.027-04 2.727+01 4.686-01 2.782+Cl 2.096-10 2.658-05 2.201-0' 9.957-03 1.711-,)4 1.016-02 
1.S0C+Or,? 2.5~2-07 5.466-02 4.015-04 2.763+01 4.79S-01 2.816+01 9.318-11 1.996-U5 1.41>6-0' 10009-02 1.751-')4 1.028-02 
2.~00+()9 1.4;5-07 4.231-02 3.010-04 2.7P3+01 4.857-01 2.836+01 5.('40-11 1.545-05 1.099-07 1.016-02 1.773-)4 1.03S-02 
3.000+0=;1 6.379-08 2.942-C2 2.006-04 2.804+01 £.<l24-01 2.856+01 2.329-11 10 074-05 7.324-0& 1.024-02 1.798-~4 1.043-02 
4.rOC+09 3.S~8-08 2.271-02 1.504-04 2.816+01 4.964-01 2.860+01 10310-11 8.292-06 5.492-0& 1.028-02 1.812-94 1.047-02 
5.00r-+09 ;> .2'6-08 1.856-02 1.20:\-04 2.823+01 4.989-01 2.E75+Dl 8.31>3-12 6.777-06 4.392-0& 10031-02 1.822-')4 1.050-02 
6.00(+09 1 .~95-0S 1.574 -02 1.003-04 2.e28+01 5.~O6-01 2.880+(11 5.824-12 5.747-06 3.662-08 1.0:B-02 1.828-'4 1.051-02 
8.00n+09 E .970-09 10213 -02 7.519-05 2.835+01 5.029-01 2.88l'Ol 3.275-12 4.429-06 2.74S-0~ 1.035-02 1.836-,)4 1.054-02 
1.000+'0 5.7>1-09 9.903-03 6.015-05 2.839+01 ~.O4~-01 2.890+01 2.096-12 3.616-06 2.196-08 1.037-02 10841-94 1.055-02 
1.500+10 2.5S2-09 6.844-03 4.010-05 2.845+01 5.063-01 2.896+01 9.318-13 2.499-06 1.464-0& 1.039-02 1.~4'-~4 - 1.058-02 
2.COP+10 1.435-09 5.262-03 3.007-05 2.84e+Ol 5.074-01 2.P-99+01 5.240-13 1.921-06 1.098-04 1.04(l-02 1.853-')4 1.059-02 
3.000+10 6.3'9-10 3.629-03 2.005-05 2.851+01 5.085-01 2.9G2+01 2.329-13 1.325-06 7.321-09 1.041-02 10857-,)4 1 .060-02 
4.000+10 3.538-10 2.786-03 1.503-05 2.853+01 5.09(-01 ('.904+01 1.310-13 10017-06 5.488-09 1.0h('-02 1.859-)4 1.060-02 
5.000+10 2.2'6-10 2.269-03 1.203-05 2.854+01 5.096-01 2.<;05+01 8.383-14 8.285-07 4.392-09 1.042-0? 101)61-,)4 1.061-02 
6.000-10 1.595-10 1.918-03 1.002-05 2.855+01 5.099-01 2.906+01 5.824-14 7.003-07 3.659-09 1.042-02 1.862-,)4 1.C61-02 
8.COO+l() 8.97 0-11 1.470-03 7.517-06 2.855-01 50102-01 2.906+01 3.275-14 5.367-07 2.745-09 10042-02 1.863-"4 1.061-02 
1.000+11 5.7.1-11 1.196-03 6.014-06 2.856+01 5.104-01 2.907+01 2.096-14 4.367-07 2.196-0? 1.043-02 1.864-)4 1.061-02 



TAJILT. 6, eros:!< sect.ions and mass attenuation coefficient," (or the individual and total photon atom interaction processes, 1 MeV to 100 GeV 
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68, ER, ERRIU~ ATOMIC ~T. = 167.26 IISO/KG .0003600& BARNSIITOM ~ULTIPlY HSO/KG RY 10 FOR CH~O/G 

PAIR PRODUCTION PAIP PRODUCTIDN 

SCATTERING SCATTEp TNG 

PHOTON PHOTO- NUCLEAR ELECTRON TOTAL PHOTO- NUCLEIR ELECT·-or~ TOHL 

ENERGY COHER ENT INCOHE't. ELECTRIC FInD r IHO COHERENT INCOHEb ELECTRIC FJ ELO FrELO 

EV a I ATOH e IA TOH BIATOH BIHOH • B IATOH B/AlOM IIsonG HSO/Kt IISO/KG IISonG MSD I~G IISO/KG 

1.000+06 5.894-01 1.&28+01 ?.677+~0 0.000 0.000 1.755+01 2.122-0& 501&l-~3 9.638-04 o.oor 0.000 6.317-03 "11 

1.022+06 5.6&7-01 1.&13+01 2.562+00 c.coo, 0.000 1.726+01 2.fl33-01. 5.087-(3 9.224-04 0.000 0.000 6.21 '-03 ~ 

1.250+06 3.795-01 1.279+01 1.727+00 7.822-02 0.000 1.497+01 1.366 -04 £.605-03 6. 21l! -0£ 2.816-05 0.000 5.392-03 ;; 
1.500+06 2.6H-Ol 1.164 +0 1 1.232+00 3.628-01 (,. 00 0 1.350+01 Q.519-05 ~ .191-('3 ~ .436-04 '.306-04 0.600 4.86(-03 ~ 

2·rOO+06 1.493-01 9.9~h+OO 7.~71-01 1.149+00 iI.OO v 1.199+01 5.375-05 3.5&O-{ 3 2.690-04 4.1 :"7-04 0.000 4.317-03 -I 

2.044>06 1.430-01 9.822+00 7.205-01 1.222>00 0.00 C 1.191+01 5.1£9 -05 3.536-{3 2·594-04 ht.CO-04 0.000 4 .287-0~ ;:IV 

3'000+ 0 6 6.655-02 7.832+00 :!.929-0 1 2.700+00 2.737-03 1.099+01 2.396-05 2.B20-U 1.41S-r.4 9.721-04 9.854- C7 3.958-03 :; ,... 
4.000+06 3.748-02 6.536+00 2.586-01 & .009+00 1.116-02 10085+01 1.31.9-05 2.353-13 9.311-05 1.443-03 4.018-06 3.907-03 m 
5.000+06 2.400-02 5.645+00 1.Q02-01 5.119<00 2.220-02 1.100+01 8.641-06 2.032-03 6.848-05 1.843-0 3 7.993-06 3.'16'-03 .:-' 
6.000+06 1.667-02 4.991+00 1.495-01 6.674+00 3.405-02 1.127+01 6.002-06 1.797-03 5.383-05 2.187-03 10226-C5 " .056-03 

7.000+06 1.225-02 4.486 +00 1.228-01 6.917+00 4.583-02 1.158+01 401.11-06 1.615-'3 4.421-05 ?490-03 1.650-05 4 .17'-03 ~ 

8.000+06 9.379-03 4.C83+00 1.039-01 7.674+00 5.723-02 1.193+01 3.377-06 '1.470-13 3.7& l-{1S 2.763-03 2.061-05 4.29l-03 Z 
9.COO+06 7.411-03 3.753+00 f..Q9t.-02 R.362+00 6.812-02 1.22!!+01 2.668 -06 1.:>:51-n :'.238-05 3.011-0 :! 2.£53-05 4.£<'-03 0 

1.000+07 6.003-03 3.47&+00 7.922-02 8.993+00 7.845-02 1.263+01 ;>.161-06 1.252-(3 '2.852-05 3.23!l-O 3 2 .825-~5 4.54~-03 -I 

1.100+07 4.962-03 3.244<00 7.075-02 9.577+00 6.821-02 1.298+01 1.787-06 10168-( 3 2.547-05 3. &4S -0 3 3.11~-05 4.67S-03 0 
1.200+07 4.169-03 3.042+00 6.388-02 1.012+01 9.740-02 .1.333+01 1.501-06 1.095-(3 2.300-05 3.644-03 3.507-05 4.798-03 -I 

1.300+07 3.553-03 2.M6+00 5.821-02 1.063+01 1.061-01 1.366+01 1.279-06 I.B2-( 3 2.096-i\5 3.827-03 3.820-05 4.920-03 ~ ,... 
1.400+07 3.063-03 2.711+00 5.345-02 1.110+01 1.143-01 10398+01 1.103-06 9.761-(4 10924-05 3.996-03 4.115-05 5.03l-03 

1.500+07 2.668-03 2.574+00 4,940-02 1.153+01 1.221-01 1.428+01 9.606-07 9.267-&4 1.779-05 4.151-03 4.396-05 5.14'-03 ~ 

1.600+01 2.3£5-03 2.451+00 4.592-02 1.194+01 1.294-01 1.457+01 8.443c-07 8.825-0£ 1.653-05 4.299-03 4.659-05 5.24\-03 -I 

1.800+07 1.~53-03 2.241+00 4.023-02 1.268+01 1.&31-01 1.~11+01 6.672-07 6.069-14 1.£48-05 4.565-~3 5.152-05 5.43~-C3 0 
2.000+07 1.501-03 2.066+00 3.579-02 1.333+01 1.555-01 1.559+01 5.404 -07 7.438-04 1.289-05 4.7°9-03 5.599-05 5.611-03 ~ 
2.200+07 1.241-03 1.919>00 3.222-02 1.393+01 1.66~-Ol 1.605+01 4.&68-07 6 .9(l9-, £ h160-C5 5.015-03 6.005-05 5.77~-03 n 
2.400>07 1.042-03 1.793+00 2.930-02 1.447+01 1.772-01 1.647+01 3.752-07 6.456-14 1.05 5~5 5.2111-03 6.380-05 5.93t-03 

2.600+01 8.~b2-04 1.684>00 2.686- 02 1.496+01 1.868-01 1.686+01 3.198-07 6.063-1£ 9.671-06 5.3R6-03 6.726-05 6.07t-03 n 
;:IV 

2.eOC.07 7.659-04 1.sa9+00 2.479-02 1.542+01 1.956-01 1.723+01 2.758-07 5.721-'& 8.925-06 5.552-03 7.0&2-05 6.20,-03 0 
3.000+07 6.02-04 1.504+00 2.302-02 1.584+01 2.039-01 1.757+01 2.402-07 5.415-04 8.288-06 5.703-03 7.341-05 6.326-03 In 

4.000+07 3.753-04 1.195<00 1.695-02 1.754+01 2.378-01 1.899>01 1.351-07 4.302-14 6.103-06 6.315-03 8.562-05 <>.P'i-03 In 

5.000> 07 2.402-04 9.979-01 1.341-02 1.881+01 2.633-01 2.008+01 8.648-08 3.593-04 4 .82B -Ob 6.772-03 9.4BO-05 7.231-03 In 

hOCO+07 1.668-04 8.598-01 1.109-02 1.979+01 2.835-01 2.094+01 6.005-08 3.096-04 3.993-06 7.125-03 10021-04 7.54'-03 m 
e.~oo+07 9.3f2-05 6.781-01 6.241-03 2.124+01 3.137-01 2.224+01 3.378-08 2.441-04 2.967-06 7.61.7-03 1.129-0£ 8.007-03 n. 

-I 
1.00r+o~ 6.004-05 5.628-01 6.555-03 2.227+01 3.355-01 2.317+01 ".162-08 2.026-( 4 2.360-06 1!.018-03 1.208-04 8.344- 03 (5 
1.500+ 03 2.669-05 4.018-01 4.337-03 2.389+01 3.713-01 2.467+01 9.609-0S 1.443-14 1.561-06 8.601-03 1.337-04 8.8~1-03 

~ 2.000+0R 1.501-05 3.HZ-Ol 3.240-03 2.485+01 3.936-01 2.556+01 5.404-~9 1.131-04 1.167-06 B.9' 7-03 1.417-04 9.203-03 Z 

." 3.000+08 6.671-06 2.227-01 7.152-03 2.597+01 4.206-01 2 .662+Cl 2.402-~9 8.018-15 7.748-07 9.350-0! 1.514-04 Q .5113-03 
In 

:r 4.000+01'. 3.753-06 1.7&4-01 1.611-03 2.661+01 4.368-01 2.722+Gl 1.351-09 6.279-t5 5.8110-07 9.581-03 1.573-04 9.80',-03 "II 

~ 5.00~>08 ~.407.-06 1."4-01 1.2B7-03 2.703+01 4.478-01 2.762+01 8.648-10 5.199-15 1 .. 634-07 9.732-03 1.612-04 9.946-03 0 
n 6.000+08 1.668-06 1.236-01 1.072-03 2.733+01 4.5S8-01 2.791+01 6.()OS-1ll 4.456-95 3.860-07 9.84(H13 1.641-04 1.00S-02 ;:IV 

:r 8.0~0+0~ 9.382-07 9.656-02 8.030-04 2.773+01 4.669-01 2.B29+01 3.378-10 3.477-05 2.891-07 Q.984-03 1.681-(14 1.01 Q -02 
ID 

"11 

? 1.000+09 6.0Ct.-07 7.944-02 6.421-0£ 2.798+01 4.743-01 2.1l53+01 2.162-10 2.860-05 2.312-07 10007-02 ,.708-04 1.027-02 ::t 

'" 
1.500+09 2.669-07 S.5£~-02 4.277-04 2.836+lil 4.852-01 2.B90+01 9.609-11 1 .998-' 5 1.5&0-07 1.021-02 10747-04 1.04'-02 0 

ID 2.000+0 9 1.501-07 4.294-02 3.2C7-r4 2.8~~+01 4.915-01 2.9C9+01 S .404-11 1.546-'5 1.155-07 1.028-02 1.770-04 1.()U-02 -I 

:0- 3.000+09 6.671-08 2.986-02 2.137-04 2.~78+01 4.982-01 2.931+01 2.402-11 1.075-'5 7.6'74-08 1.036-02 1.794-04 1.0SS-02 0 
CI 4.0CO+09 3.753-08 2.305-02 1.602-04 2.8~~>01 5.023-01 2.<143+01 1.351-11 8.299-06 5.768-08 1.061-02 1.80&-04 , .O5~-O2 Z 
I) 

In 

Q 5.CONDQ 2.H2-0B 1./;84-02 1.282-04 2.897>01 5.0£7-01 2.94Q+~1 1'.648-12 6.783-16 4.616-08 1.043-02 10817-04 1.062-02 
, 6.000+09 1.668-08 1.598-C2 1.068-04 2.9(>2>01 5.064-01 2.954+1)1 6.005-12 5.753-06 3.81.5-08 1.01.5-02 1.823-04 1.06.-02 

< 8.000+0. 9.382-09 1.231-02 f.on9-05 2.909+01 5.087-01 2.961+01 3.378-12 Ii .432-06 2.884-08 1.067-02 1.832-04 1.06';-02 

!!- 1.000<10 6.004-09 1.005-02 6.407-0~ 2.913+01 5.102-01 2.965+01 2.162-12 3.618-06 2.307-08 1.049-02 1.837-04 1.06t-02 

-0 
1.500+10 2.669-0~ 6.946-03 &.271-05 2.919>01 5.121-01 2.971>01 9.609-13 2.501-.6 1.538-01' 1.051-02 1.1'44-04 1.071-02 

, 2.000+10 1.501-09 5.340-03 3.203-05 2.922+Cl 5.13 3-01 2.974 +111 5.404-13 1 .923-~6 ,.153-1)1, 1.052-02 1.848-04 , .071-0< 

Z ;.000+10 f..671-10 3.683-03 2.135-05 2.926+01 5.144-01 2.978"01 2.402-13 1.326-,;6 7.6B7-09 1.053-02 1.852-04 1.r.n-02 

!' 4.000+10 3.7~3-10 2.827-0? 1.602-05 2 .921-01 5 .151-0 1 2.979'1)1 1.351-13 1.01S-H. 5.768-09 10054-02 1.855-04 1.0n-1I2 

~ 5.000+10 2.402-10 20302-03 1.281-05 2.928<01 5.155-01 2.980+01 8.648-11. 8.Z88-07 I. .612-09 10054-02 1.856-04 1.073-02 

6.000+ta 1.668-10 1.946-03 1 .fl68-0 5 2.929+01 5.158-01 2.981'01 6.005-16 7.006-:)7 3.845~09 1.055-02 1.857-04 1.073-02 

:Q ~.000+10 9.382-11 1.492-03 8.007-06 2.930+01 5.161-01 2.982~01 3.378-14 5.372-07 2. 883-09 1.055-02 1.858-04 1.070-02 ... 
CD 1.000.11 6.004-11 1.21&-03 6.406-06 2.931.(11 5.163-01 2.983+01 2.162 -14 4.371-&7 2.306-09 1.055-02 1.859-04 1.D1'-02 

... 
0 



!-
TABLE 6, Cross sections and mass at,tenuatiofl coefficients for the individual and total photon atom interaction procESses. 1 MeV to 100 GeV, 

.., Z= 1 to 100-Continued N 
:r 

~ 69. TM. T~UI TUM ATOMI( ~T. = 168.9342 ~SIJ/KG .0003\647 8AR~S/ATOM HUlTTPlI )olSO/KG BY 10 rOR (MSDIG 
n 
:r .. PA IP PRODUCTION P IJR PRO[)UC TI ON 

~ SeA TT ER I HG SCHTERING 

'" PHOTON PHOTO- NUClF~R El ECTRO~ TOTAL PHOH)- NUCl~AI! ELECTRON lOT AL 

~ ENERG Y CI)HERE~T (NCOHER. ELECTRIC F IELO FIElD COHERfNT INI:OHE~ • ELECfRIC fiELD FJELD 

C EV RIATOM BfA Tt)M BIA TOll R/AT(j" B fA TO'! BIATOH "SonG HSO/Kt HSllfK G MSC/KG '1S0 IKG H SO IKG 
0 

Ji 
< 

1.0(\0+06 6.1S3-01 1.44<1+61 2.858+00 0.000 0.000 1.796+01 2.193-01. 5.165-03 1.01 ~-03 0. CC 0 0.".00 6.403-03 

~ 
1.022+06 5.895-01 1'434.01 2.736+00 o.oeo 0.000 1.767+111 2.101-01. 5.112-03 9.75~-04 o.oro 0.000 6.297-03 

1.250'06 ,.963-01 1.2<;P-·01 1.8""+~G 8.UO-02 0.000 1.53C+01 10413 -06 4.6l7-03 6.57)-04 2.'1(2-05 0.000 5.455-03 

~ ,.':'00,06 2.762-01 10181+01 1.316+NI 3.7110-01 O. DC U 1.378+01 9.846-05 4.210-03 4.('\11-04 1.317-04 0.000 4.91?-O3 

Z.r.OO'06 1.5~0-01 1.009.01 7.976-01 1.193+00 0.000 1.224.01 5.561-05 3.597-03 2.843-04 4.253-04 0.000 I. .362-03 
Z 1.044+06 1.1,93-01 9.967+0C 7.6<;2-01 1.26&+00 a.ooo 1.215+01 5.322-05 3.553-03 2.742-04 4.52~-01. 0.000 4.332··03 
0 

?~01J·06 6.952-02 7.947+00 4.193-01 2.789+00 2 .777-03 1 .123.01 2.478-05 2 .833-03' 1.4S;-01. 9. '1£?-O4 ".8S9-07 4.002-03 
!~ 4.0CO·06 3.915-02 6.632'00 2.758-01 4.133'CO 1.132-02 10109'01 1.396-05 2.364-03 9.83?-O5 1.413-03 4.035-06 3.'154-03 

5.000'06 2.507-02 5.728.00 >.029-01 5.270.CO 2.253-01 1.125+01 8.937-06 2.042-03 7.233-05 1.819-0" 8.031-C6 4.010-03 
... 10.000,06 1.741-02 5.064+00 1.594-01 6.248+00 3.455-02 1.152'01 6.206-06 1.805-03 5.682 -0 S <.2,7-03 1.232-05 1..108-03 

'" 7.000+06 1.280-02 4.55.,+00 1.30e-Ol 7.112.00 4.650-0;- 1.185+01 4.563-06 1.6?3-03 4.663-05 2.5!5-03 1.651,-05 I. .226-03 
0 

a.raO+06 r;>.79R~03 1 .. 143·OC 1.107-01 7.I!E7.0C 5.80t'-O. 1.221 +01 3.493-06 1.1.77-03 3.946-05 2.812-03 l.07G-05 4.352-03 :t 
9.000+06 1.742-03 3.1'09.00 9.581.-02 8.592'00 6.910-02 10257+01 2.760-06 1.358-03 3.4H-()S 3.Ct!-03 2.463-r5 4.1.82-()3 C 
1.0eO+07 6.211-03 3.529+00 8.&41-02 9.739-00 7.958-02 1.291.+01 2.235-06 1.258-C3 3.00~-C5 3.2B-0 3 2.837-05 4.612-03 III 

1.100,07 5.1F3-03 3.292>&0 7.537-02 9.837+06 &.948-02 1.330+01 1.M8-06 1.1H-03 2.681-0 :. 3.5~7~O3 3.1't0-0 5 4.741-03 0:1 
m 

1.200+()7 4.355-03 3.087+00 6.805-02 1.G39+01 9.881-02 1.365·31 1.552-06 1.100-03 2.42~-O5 3.7£4-03 3.522-05 4.1>65-03 ... 
1.300+07 3.711-03 2.908+0C 6.201-02 1.091+01 10076-0' 1.399+01 1.323-06 1 .037-03 2.21D-C5 ~.8~9-()3 3.1\36-05 4.98B-03 .r 
1.400,07 3.200-03 2.751+00 5.694-02 1.140+01 1.159-0' 1.433·01 1.141-06 9.807-04 2.03~-05 4.0H-03 4.132-05 5.107-03 

(i) 
1.snO+07 2.788-03 2.612+0~ 5.262-02 1.184+01 1.238-0' 1.463+u1 9.938-07 9.311-04 1.87(,-05 4.221-03 4.413-05 5.216-03 
1.600.07 2.450-03 2.488+00 4.891-0, 1.226+01 1.313-01 1.493+01 8.734-07 8.869-~4 "741-05 4.310-03 4.680-05 5.322-03 i 
1.800+07 1.936-03 2.274.00 4.285-~2 1.302+01 1.451-0' 1.548+01 6.901-07 8.10t-04 1.527-05 4.611-03 5.172-05 5.520-03 

~ 2.000+07 1.568-03 2.097+00 3.811-02 1.369+01 1.577 -0' 1.598+01 5.589-07 7.475-01. 1.35;'-05 ".8fC-03 5.622-05 5.698-03 

2.200+07 1.?96-03 1.947+00 3.4:>1-02 1.430.C1 1.692-0 - 1.645+01 4.620-07 6.941-04 1.22S-~~ 5.0~8-03 6.032-ns 5.865-03 
". 

2.400+07 1 .089-03 1.820'00 3.120-02 1.486+01 1.797-0< 1.689+01 3.882-i)7 6.488-04 1.1H-05 5.2~7-03 6.1.06-05 6.022-03 Z 
2.600-07 9.279-04 1.709'00 2.860-02 1.5!6+01 10894-0- 10 729+01 3.308-07 6.092-04 1.0Z)-D5 5.4.5-03 6.752-05 6.163-03 C 
2.800,07 8.001-04 1.612'00 7.640-02 1.583+Gl 1.984-0- 1.767+01 2.852-07 5.7&6-01. 9.1.11-06 5.6C~-O~ 7.072-05 6.298-03 

3,000+07 6.970-04 1.526'00 2.451-02 1.626+01 2.067-0' 1.802-01 2.485-07 5.44 0-04 e.737-0t 5. i'Q6-()~ 7 d68- 0 5 6.423-03 e. 
4.00~+O7 ~ .921-04 1.213.00 1.805-02 1.~()1_01 2.411-0' 1.94B+01 10398-07 4.321.-04 6.43~-O6 6.420-03 8.595-05 f!.945-63 < 
5.0 C 0+ 0 7 2.509-04 1.013·00 1.428-~2 1.9~1t01 2.670-0- 2.060.01 8.944-08 3.611-04 5.09~-()6 6.e83-03 9.518-05 7.345-03 m 

:lIJ 
"'.000'07 1.742-04 8.724-01 1.181-02 2.t32+01 2.87/.-0- 2.149+01 6.210-08 3.110-04 4.21D-06 7.2LA-03 10025-0.1. 7.661-03 OJ 
8.000+(17 c.801-05 b.p.aO-01 8.77;>-03 2.1111_01 3.17<;-01 2.7.82.01 3.494-08 2.453-04 3.127-06 7.775-03 10133-04 8.136-03 e. 
1.~00+08 6.773-05 5.111-01 6.977-03 2.286+01 3.399-0 - 2.3]8+01 2.236-08 2.036-01.. ;> .487-06 !'.1l9-0! 1.212-04 8.476-03 

1.500.08 Z.78R-05 4.067-01 4.616-C3 2.4,2+01 3.761-0' 2.~31+01 9.~38-09 1.450-04 1.645-06 8.711-03 10341-04 9.021-03 

7,000'08 1.568-05 3.B9-C,1 3.449-00 2.550+111 3.9116-01 2.622+01 ';.589-09 1.137-04 1.229-06 9.090-03 1.421-01. 0.347-03 

3.001\+08 6.970-06 2.260-01 2.290-03 2.665+C1 A.259-0~ 2.730-01 2'485-09 8.0S6-05 8.1M-0? 9.510-f)" 1.518-04 9.733-03 

4.00V+08 3.920-06 1.770-01 1.714-03 2.730+01 ".1. 21-0- 2.792+01 1.397-09 6.310-05 6.11)-07 9.732-03 1.576-04 9.953-03 

5.00e·08 2.509-06 1 d6S-01 1.370-G3 2.773,01 4.532-0- 2.833-01 8.91.4-10 5.222-05 4 .88~-0 7 ".815-03 1.616-04 1.010-02 

6.000+011 1.7&2-06 1.255-01 1.141-03 2.804+01 4.613-0' 2.863+01 6.210-10 4.474-05 1 .. 067-07 9.995-1)3 1.61.4-~4 1.02"-02 

~.~0(l+l'8 9.S01-07 9.798-02 8.547-04 2.845+-01 4.72S-0' 2.902+01 3.491.-10 30493-05 3.047-07 1.014-02 1.684-01. 1.035-02 

1.000+09 6.273-07 1l.061-l'2 6.833-01. 2.1'71+01 J.. 79<)-0' ? .927+01 Z.236-10 2.87t..-05 2.1.36-07 1.023-02 10711-04 1.043-02 

1.50C+09 2.7B8-07 5.67.9-02 4.552-04 2.909+01 4.909-0- 2.964 -01 9.938-11 2.007-05 1.62l-07 1.037-02 1.750-04 1.057-02 

2.000+09 1.568-07 4.357-02 3.413-04 2.930-01 4.<)71-0' 2.9~4+01 S.589-l1 1.553-05 1.;>17-07 1.0a-02 1.772-04 1.064-02 

3dlOO+09 6.970-08 3.07.'>-02 2.274-04 2.<;52+01 5.04\1-0- 3.005'111 2.485-11 1.080-05 8.106-08 '.Ol2-02 1.797-04 1.071-02 

4.000-09 3.920-08 2.3~E-02 1.705-04 2.966 +Cll 5.080-0' 3.017+01 1.397-11 8.334-06 6.078-01' 1.057-1)2 1+811-04 1.076-02 

5.000'09 2.509-08 1.912-02 1.361.-0& 2.972+01 5.105-0' 3.025+01 8.944-12 6.816-06 4.861-08 1.0\9-02 10820-04 1.078-02 

6.000'09 1.742-08 1.621-02 1.137-04 2.977+01 5.122-01 3.030- 01 t.210-12 5.778-0b '.05S-08 1.0t1-02 1.826-01. 1.080-02 
e ,C 00+09 9.801-09 1.249-02 1\0524-05 2.984.01 5.14 5-0- 3.037+01 3.494-12 4.452-06 3.03,-08 100f4-02 l.tl34-(l4 1.083-02 

1.000.10 {,.273-09 1.020-02 6.819-05 2.geS+Ol 5.159-0' 3.041+01 2.236-12 3 .636-06 2.431-08 1.0t5-02 1.839-04 1.084-02 
1.S0r.l0 2.7RR-0~ 7.048-03 4.546-05 2.<;95+01 5.179-01 3.047+01 9.938-13 2.512-06 1.62' -08 1.0f8-02 1.~46-01. 1.086-02 

2.000-10 1.568-09 5.419-03 3.409-05 2.9<;8+Cl 5.191-0' ~.O50+01 5.589-13 1.932-06 1.21>-08 1.{lt9-02 1.850-04 1.087-02 

3.000+10 6.970-10 3.737-03 2.273-05 3.001+01 5.202-0- 3.053+01 2.485-13 10332-06 8.105-09 1.070-02 1.854-04 1.088-02 

4.000-10 3.920-10 2.869-03 1.704-05 3.003+01 5.209-0' 3.055+01 1.397-13 1.023-06 6.0n-09 1007P-02 loS-57-04 1.01'9-02 

5,000+10 2.509-10 2.336-1l3 1.364-05 3.004+01 5.213-0- 3.056+01 ".944-14 8.327-07 4.86?-09 1.011-02 1.858-04 1.090-02 
6.000+10 1.742-10 1.975-03 1.136-05 3.005+01 5.216-0- 3.057+01 6.210-1£ 7.040-07 4.05'-0<; 1.011-02 10859-04 1.090-02 
8.000-10 9.a01-11 1.514-03 8.522-"6 3.006+01 5.218-0' 3.058-01 3.491.-14 5 .397-07 3.03!-09 1.012-112 1.860-01. 1.090-02 
1.0nO+ 11 6.273-11 1.232-03 6.817-06 3.006+01 5.221-11' 3.058+01 2.236-14 h .. "I:07_1\7 ~ .43)-09 10072-02 1.861-01. 1.090-02 



TARJ,E 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GcV, 
Z = 1 to 100-Continued 

70. YP. YTTERBIUM ATOMIC WT. = 1J3.0A "SO/KG = .0003~R01 BARN~/ATO" MULTIPLY MSO/KG BY 10 FOR CHSO/t; 

PAIR PRODUCTION PAIR PROllllC T! O~ 
SCATTERING SCAT TE R HIt; 

PHOTON PHOTO- NUCLEAR ELECTRON TOTAL PflOlO- NUCLfAR ELECTROt< TOTH 
ENE '1G Y COHERENT HICOflfR. ELECTRIC FIELD fIELD COHERENT TNC(lH~R. ELEC1RIC F I ELO I'J ELO 

EV SIATOM BnTON Il/ATOM B I A TO M B IA TOM e IATOH "SO/KG !!SOIKG HSO,KG MSO/KG MSO/KG MSO/KG 

1.000.n6 6.422-01 1.46<1+01 
." 

1.050+00 0.000 0.000 1.838+01 2.235-01. 5.112-03 1.061-03 0.000 0.000 6.397-03 ~ 
1.022+1)6 6.153-01 1.454+01 2.919+011 o.ono 0.000 1.807+01 2.141-04 5.060-03 1.0H-03 0.000 0.000 6.290-03 
1.2SC<06 ~.136-01 1.316+01 1.968+00 8.465~O2 0.0110 10563+01 1.~39-04 4.5BO-03 6.B4~-04 2.9A&-05 0.000 5.43e-03 ?O 
1.500+06 2.883-01 1.198 +0 1 1.404+00 3.937-01 0.000 10407+01 1.003-04 4.169-0! 4.886-04 1.370-04 0.000 4.a95-0! -I 
2.000+06 1.628-01 1.021,+01 e.507-01 10238+uO 0.000 10249+01 5.666-()5 3.564-03 2.961-04 4.30~-O4 G.o OC 40347-G3 :;v 
2.044+06 1.559-01 1.01 HOl llo:>04-n1 1.315+00 0.000 10240+01 5.426-05 3.518-0:- 2.855-04 4.570-04 0.000 4 •. 316-03 :; 
3.000+06 7.259-02 8.062+00 4.470-01 2.879+00 2.818-03 1.U6+ol 2.526-4>5 2 ~806-0 3 1.556-04 1.0l'?-0" ".807-~7 3 .989-03 .... 
& .000+06 4 .08~-02 6.728+00 2.939-01 4.251'+00 1.149-02 1.133+CI 1.4;>3-05 2.341-03 1 .023-04 1.482-{l3 3.999-06 3.944-0! m 

-I 
5.000+06 2.618-02 5.1l11+00 2.161-01 5.423+00 2.285-02 1.150+01 9.111-4>6 2.022-03 7.521-05 1.687-03 7.952-06 4.002-03 . 
6.nO~+C6 1.818-02 5.137+00 1.698-01 6.425+00 3.~04-02 1.179+01 6.327-06 1.78&-03 5.90S-0~ 2.23~-03 1.219-05 4.101-03 ~ 
7.00e+01i 1.336-02 &.618+0(; 1.393-01 7.308+011 4.717-02 1.213+01 4.649-06 1.6117-0"': 4 .848-0 ~ 2.54)-113 10642-05 4.220-03 Z 
8 .~00+(l6 1.023-112 4.203+00 10179-01 8.102+00 5.8f9-02 1.249+0' 3.560-06 1.463-03 4.103-05 2.&;>~-03 2.049-05 4.347-03 C 
9.000+06 !l.0~4-03 3.864+00 1.020-C1 8.8;>4+00 7.009-02 1.2117+Cl 2.813-06 1.31.5-03 3.550-05 !.071-03 2.439-05 4.478-03 

-I 
10000+07 6.549-03 3.580"00 8.986-02 9.487+00 8.072-02 1.324+0' 2.279-4>6 1.746-03 3.127-05 3.30Z-03 2.809-05 4.609-03 0 
1.10C·"7 5.412-03 3.33<;+00 8.023-02 1.010+1)1 9.076-02 1.362+ 01 1.883-4>6 1.162-113 2.792-05 3.51,-03 3.159-05 4.731<-03 -f 
10;>00,,, 7 4 .548-03 3.132+00 7.243-0;> 1.067+01 1.002-01 1.398+01 1.583-4>6 1.090-03 2.521-05 3.70-03 3.487-05 4.P65-03 ~ 
1.30~+ 07 "3.875-03 2.950+00 6.599-02 1.120H)1 1.091-01 "4~3+0' 1.349-06 1.027-03 2.297-05 ~.89~-03 3.797-05 4.<,.1\7-03 ... 
1.40~·07 3.342-03 2.791+00 6.C59-02 1.170+(11 1.1U-Ol 1.467.0' 1.163-06 '10713-04 2. 1 09-05 4.on-03 4.093-~5 5.106-03 ~ 
1o~OI)+07 2.911-03 2.650+00 5.600-02 1.216+01 10256-01 1.499+0' 1.013-M 9.222-a4 1.949-0~ 4.2V-03 4.371-05 5.211\-03 -I 
1.~()0+O 7 2.559-03 2.524+00 5.20&-02 1.259+01 1.331-01 1.530+01 8.906-07 8.784-04 1o~ 11-0 5 4 .38l-0 3 4.632-05 5.325-03 0 
I.ROO+C 7 2.022-03 2.307+00 4.559-02 1.336+01 1.472-01 10586+01 7.037 -07 8.029-04 1.587-fl5 406 4~-O3 5.123-05 5.5?0-03 3: 
2.~OO+07 1.63P-03 2.127+00 4.055-02 1.405+01 1.5"9-01 1.638+01 5.700-07 7.402-04 1.All-05 4.89,)-03 5.565-05 5.70 0 -03 n 
? .20(1+ C 7 1.353-03 1.976+00 3.650-02 !.4i.e+O! 10715-01 1.687+01 4.709-07 6.1\77-04 1.270-05 5.11)9-03 5.<168-05 5.869-03 
2.~00+07 1.137-03 I.P46+0Q 3.319-02 I.S24+C 1 1.822-01 1.730+01 3.957-07 6.424-04 1"55-05 5.30.-0:'1 6.341-()5 6.022-0J n 
2.~rQ+07 'h690-04 1.734+00 3.042-02 1.577+01 1.9211-01 1.773+01 3.372-07 6.035-04 1.059-05 5.48t-03 6.682-05 6.169-03 :;v 

<.~OO+07 B .355-04 1.635+00 2.808-0? 1.624+01 2.011-01 10811-01 2.908 -07 5.690-04 9.772-0(, 5.6 sz-o 3 6.999-05 (;.301-03 0 
3.00~+07 7.278-04 1.S49+0G ~.fO 7-02 1.66€+Cl 2.e96-Cl 1.847+Cl 2.533-07 5.391-04 9.073-06 5.805-03 7.294-05 6.476-03 en 

en 
4 .~O(l+O 7 4.094-04 1.231+0{l 1.91'1-02 1.8&1'-+01 2.444-01 1.997+01 1.425-07 4.254-04 6.671'-06 6.431-03 8.505-05 6.952-03 
5.'00+07 7. .62 0-04 1.027+00 1.518-02 1.981 +01 2.706-01 2.112+01 9.118-Q8 3.,74-04 S.283-0f 6.8°~-O3 9.417-05 7.351-03 en 

m 
6. D O~+O 7 1.820-04 1'.850-01 1.256-02 2.085+01 2.912-01 2.204+01 6.334-08 3.080-04 4.371-06 7.256-03 1.013-04 7.670-03 n 
R.}01)+D7 1.024-04 6.980-01 9.328-03 2.237+01 3.221-01 2.340+~1 3.564-l!' 2.429-04 3.246-06 7.785-0! 1.121-04 8.1&3-03 -f 

1.)eO+08 6.550-05 5.793-01 7.420-03 2.345+01 3.444-01 2.438+01 2,279-38 2.016-04 2.552-06 8 .161-0 ~ 1.1<;'9-04 8.485-03 0 
1.50r+08 2.911-05 4.126-01 4.908-03 2.515+01 3.809-01 2.595+01 1.013-08 1.436-04 1.708-06 S.75!-03 10326-04 9.030-03 Z 

<- ?lC(l+OS 1.638-05 3.235-01 3.667-03 2.616+01 4.1!36-01 2.689+01 5.700-09 1.126-04 1.276-06 9.10.-0, 1.405-04 9.358-03 en 

... 3.)00+08 7.278 -06 2.293-~1 2.435-03 2.733+01 4.311-01 2.71)9+01 2.533-D9 7.980-05 8.674-07 9.511-113 1.5CO-04 9.742-03 
" :r 

~ 
4.'00+08 4.094-06 1.796-01 1 .!l23-0 3 2.800+01 &.475-01 2.863+01 1.425-l9 6.250-05 6.344-07 9.744-03 1.557-04 9.963-03 0 
S.IOO+OB 2.620-06 1.486-01 1.457-0? 2.844+01 4.586-01 2.905+01 9.118-10 5.171-05 5.071-07 ".B91-03 1.596-01. 1.011-02 :;v 

n 6.tr.O+OIl 1.P19-(l6 1.273-01 1.213-03 2.P76+01 4.666-01 2.936+01 6.330-10 & .430-05 A.221-07 1.00'-02 1.625-04 1.022-0? 
:r 8.~OO+P~ 1.023-06 9.940-02 9.087-0£ 2.917+01 4.780-01 2.975+01 3.560-10 3.459-05 3.162-07 10015-02 1.664- n 4 1.035-02 ~ 

'" ::I: 
~ 1o~OO+09 6.550-07 8.178-02 7.266-04 2.944+61 4.855-01 3.001001 2.;?79-IO 2.846-05 2.529-07 1.025-02 1.690-04 1.044-02 0 ... 1.100+09 2.911-07 5.711-02 4.840-04 2.9P.3+01 4.965-01 3.038+01 1.013-10 1.988-05 1.684-07 1.038-02 1.728-04 1.057-02 -f 

~ 2.100+09 1.63B-07 4.42C-02 3.628-04 3.005+01 5.028-01 3.060.01 5.700-11 1.538-05 1.263-07 1.046-C2 1.750-04 1.065-02 0 
3.100+1)9 7.27S-08 3.073-02 ?41f-04 3.028+01 5.097-01 3.01'2+01 2.533-11 1.069-tl5 8.415-08 1.054-02 1.774-04 1.073-02 Z 

C 4.000+0'1 4.094-08 2.372-02 1.813-0& 3.040+01 S 0137-01 3.09"'01 1.425-11 8.255-06 6.310-08 1.05t-02 10 788- 04 1.077-02 en 
!!. 5.IOC+09 2.620-08 1.940-02 1.450-04 3.048+01 5.162-01 3.102+01 9.118-IZ 6.751-06 5.046-0'8 1.061-02 1.796-04 1.079-02 
a . 6.tCO+09 1.819-08 1.645-02 1.209-!!4 3.053+01 5.179-01 3.106+01 6.330-12 5.725-06 4.207-08 10 06 2-0 2 1.e02-01. 1.0"1-02 

< t'.~OP+09 1.023-08 1.267-02 9.063-05 3.06/)+01 5.202-01 3.113+01 3.560-12 4.409-06 3.154-01i 1.065-02 1.S10-04 1.083-02 

~ 10000+11) 6.550-09 1.035-62 7.250-05 3.065+01 5.217-01 3.111!+01 2.279-12 3.602-06 2 .523-0~ 1.06.-02 1.816-04 1 .C~5-02 

~ 
1.~00+10 2 •. ""-09 7.150-03 & .1!33-P5 3.071+li1 5.237-01 3.124+01 1.013-12 2.&88-06 1.682-08 1.06~-02 1.823-04 1.087-02 

;>.~OO+10 1.638-09 5.~97-03 3.625-05 3.074+01 5.24&-01 3.127+01 5.700-13 1.913-06 1.262-08 1.07'-02 1.826-04 1.01'8-02 
Z 3.{00+10 7.278-10 3.791-03 2.416-~5 3.078+01 5.259-01 3.131+01 2.533-13 10 319-06 8.408-0" 10071-02 1.e30-04 1.09~-O2 
a 

4 .~r 0+ 1 0 4.094-10 2.911-03 1.812-(15 3.079+01 5.266-01 3.132+01 10425-13 1.013-06 6.306-09 1.07<-02 1.833-04 1.090-02 

~ 5.000+10 2.620-10 2.370-03 1.451)-05 3.081+01 5.271-01 3.13&+01 9.118-14 8'248-07 5.046-09 10072-02 1.834-04 1.091-02 

:0 
6. (00+ 10 1.819-10 2.003-03 1.208-05 3.081+01 5.273-01 3.134+01 6.330-14 6.971-07 4'204-09 1.072-02 1.835-04 1.091-02 

~.(OO+10 1.023-10 1.536-03 ~.061-06 3.082+01 5.276-01 3.135+01 3 .~60-14 5.346-07 3.153-09 1.073-02 1.836-04 10091-02 -• 1.raO"1 6 .550-11 1.250-03 7.249-06 3.083+01 5.278-01 3.136+01 2.279-'4 4.35 (1-07 2.523-09 1.07:-0? 10837-0& 1.091-02 
.. 

0 
Co) 
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:r 
~ 
n 71. LU. lUlETIUM ATOKIC ~T. = 174.967 
:r 

HSO/KG .00031.418 9ARNS/ATOM MULTIPLY HSO/~G BY 10 FOR CNSO/G 

" ~ FA IR PRODUCT ION PAIR FRODUCTION 
., SCA TT ERI NG SCATTERING 

~ PHOTON PH<JTO- NUfU. R fLEe TRON 10TH PHOTO- NUCLEAR ELECHON ,OTAL 
ENERGY COHERENT INCOHER. ELECTRIC flEl!) F IELl) COHERENT INCOHER. ELEC1RIC FIELD FIElD 

t:J • 
• '0 EV alA TON BIATCM SlnOH BIATOH B /I TOI~ ,/A TOM HSO/KG MSO IKG ,",SO/KG HSO/KG HSe/KG HSDIKG 

c: 1.00n+06 6.694-01 1.490+01 3.2;1+0r O·.~O 0 o ~OOO 1.8f-2+0 1 2.304-04 5.128-03 1.119-03 0.000 0.000 6.478-03 
0 - 1.0n+C6 6.4U-Ol 1.475+01 3.111+G~ P .f?O 0.000 1.850+01 2.208-04 S.077-03 1.071-03 a.ooli 0.000 6.368-03 

.c 1.250+06 1..313-01 1.335+01 2.0:;a+to 8.~il2-02 0.000 1.597+01 1.~84-04 6.595-03 7.221-04 3.029-0l 0.000 5.496-03 
1.500+06 3.006-01 1.215+01 1.&?6+0~ 4.{9P-Q1 O.qOO 1.436 + G 1 1.035-Q4 40182-0:'0 5.1k9-04 1o4iG-O! 0.000 4.941-03 

Z 2.000'06 1 .6 9~. -0 1 1.038+01 9.065-01 1.,84+00 0.000 1.274+01 5.844-05 3.573-03 3.120-04 ~.419-0& 0.000 ~.385-03 
0 

2.044+0 " 1.626-01 1.02S-01 a.712-Dl 1.36~+\)t a.ooo 1.265+01 5.5Yt.-05 3.5213-03 3.009-04 4.695-01 0.000 4.354-03 

!" 3 .O~O+06 7.571-02 8.176+00 4.7:1-01 2.<71+CO 2.858-03 1.170+01 2.606-05 2.SH-ll3 1.639-04 1.073-03 9.837-07 4.078-03 

::0 
4.000.06 4.n~-02 6.~?/'+OQ 3.1?9-rJ 4.386+00 1./65-02 1.158+01 1.~68-0S 2.359-03 1.077-04 10510-0~ 4.010-06 3.9~5-03 

S.COO-06 2.730-02 5.R94+aO 2.,,0-01 5.,7'1+00 2.318-02 1,175+01 9.396-06 2 .029-U 3 7.916-05 1.9;>0-03 7.978-06 ~.04S-03 

'" 6.~00+06 1.897-02 5.211.00 1.A07-01 6.603+00 3.554-02 1.205+01 6.52"-06 1.7'i4-03 6.219-0~ 2.273-0: 10223-05 4.147-03 0 
7.00V+06 1.!94-02 ~.6B4+00 1.4~3-01 7.~07+uO 4.7'13-02 1.240+01 A.7Y8-0f, 1.612-03 5.104-05 2.584-0~ 1.646-0S 4.268-03 

J: 
8.COO+06 1.067-02 4.(63+00 1.254-01 E.:.20+00 5.972-02 1.278+01 3.672-06 1.467-03 4 .316-0~ 2.864-03 2.055-05 4.39R-03 c: 
9.000+06 8.433-03 3.919'00 1.0'~-01 9.(59+00 7.108-02 1.317+01 2.902-06 1 •. 31.9-03 3.73A-OS ".11/'-(): 2.446-05 4.532-03 ':J:' 
10000.07 6.831-03 3.631.00 9.557-02 9.i37+0C P.185-C2 1,355+01 2.351-06 10250-C3 3.289-05 3.351-03 2.817-05 4.i64-03 ':J:' 
1.100'07 5.646-03 3.3f·7+00 8.53<-02 1.(>36+01 '1.203-02 1.393+01 1.9t.l-36 1.166-03 2;937-05 3.566-0, 3.1613-05 4.794-03 m ,... 
1.200+07 4.744-03 3.17(,-00 7.702-02 1.(95-01 1.016-01 1.4:>1+01 1.633-06 1.093-03 ;>.651-()5 3.160;'-0, 3.497-05 4.975-03 r-
io' 0 0'0"1 4.043-03 2. o n'Ofl 7.017-n 1.'49+01 1.101--01 1.467+01 10392-06 1.030-03 2.415-05 3."55-0, 3.8C/7-0S 5.0~~-03 

1.400+07 :;.486-03 2.E;:1+00 ( .H3-02 1.,00+61 1. 1 92-01 1.502+01 1.200-06 9.744-04 2.21t-os 4.1~O-O' 4.103- 0 5 5.169-03 I:') 

1.~~O+07 3.036-03 2.688+00 5.954-02 1.;:~7+01 1.273-01 1.535+01 1.()45-()6 ".252-04 2 .O~9-0 ~ 4.2'12-0, 4.381-ns 5.282-03 ~ J.600+C7 2.66'1-03 2.560.00 5.533-02 1.291+01 1.350-01 1.566'01 9.186-07 8.811-04 1.904-05 4.4&3-03 4.646-05 5.391-03 
1.800+e7 2.109-03 2.330 .0C 4.8n-~2 1.271-01 1.492-01 1.6<'5+01 7.259-07 S.OSO-04 1.668-05 4.,'19-03 5.135-05 5.59~-O3 ~ 
7..000-07 1.708-03 2.157+00 I..31D-02 1.141.01 1.621-01 1.677+01 5.879-07 7.424-0~ 1.4P3-0S 4.960-0] 5'579-05 5.773-03 
?200+07 1.412-03 2.004+00 3.8BO-O;> 1.~05·01 1.739-01 1.727+01 4 .611C -07 6.897-04 1.335-~5 5.1P(,:-0] 5.985-05 5 .9~3-03 ~ 
2.1.00'07 1.186-03 1.872,00 3.528-P2 1.564'01 1.847-01 1.773+01 4.082-07 6.443:-0~ 1.214-05 S.3f3-G3 6.357-05 hl0~-03 Z 
2.600+07 1.011-03 1.7S8+00 3.233-02 1.617,01 1.941-01 1.816+01 3.480-07 6.051-04 1.113-05 5.565-03 6.701-05 6.2l.C1-03 1:1 
?800-07 8.715-04 1.659+00 2.984-P2 1at66'0 1 2.039-01 1.855-01 3.000-07 5.710-04 1.027-05 S.7?4-0~ 7.018-C5 6.386- 03 a-
3.0 ~0.O7 7 ,S92-0~ 1.571+00 Z.771-C2 1.,11-01 2.124-01 1.~92·Ol 2,"13-07 5.407-04 9.537-0l- 5.&89-0: 7.310-05 6.513-03 < 4.000.07 L.270-04 10248+00 2.040-02 1oS95 +01 2.~77-01 2.047+01 10470-07 4.295-04 7.021-0f. 6.52Z-03 8.525-05 7.044-03 In 
5.000-07 2.733-04 1.042'00 1.613-02 2.B2'01 2.742-01 2.165+01 9.~06-0S 3.586-04 5.5S2-0(' 6.994-03 9.437-05 7.4S2-03 ::a 
6.nOO.07 1.898-04 8.977-01 1.334-r.;> 2.'3B+01 2.951-01 2.259'01 6.533-08 3.090-04 4.591-0l- 7.359-03 1.016-04 7.774-03 CIIJ 

~.OOO·07 1.068-04 7.080-01 9.'111-03 2.295.01 3.263-01 2,399+01· 3.676-08 2.437-04 3.411-01> 7.8°9-C3 1.123-04 ~.258-03 a-
1.000.08 6.833-05 ~.876-(l1 7.8~3-03 2.,05+01 3.488-01 2.499'01 2.352-08 2.022-04 2.713-06 8.278-03 1.201-04 8.603-03 
1.500.08 3.037-05 4.185-C1 5.215-03 2.519+01 3.858-01 2.660+01 1.045-0E 1.440-04 1.?95-0t 3.S76-0J 1.328-04 9.155-03 
2.000.08 1.708-05 3.281-01 3.896-03 2.6~2+01 4.087-01 2.756+01 5.1179-09 1.129-04 1.341-06 9.231-03 1.407-V4 9.486-03 
3.000.08 7.592-06 2.326-01 2.587-03 2.g02+01 4.365-01 2.569'01 2.613-09 8.006-05 8.904-0i 9.6&4-(I~ 1.502-04 9.875-03 
4.00C.08 4.;>70-06 1.821-01 1.936-03 2 •• 71-01 4.530-01 2.935-()1 1.470-09 6.268-05 6.663-07 c.S8l-0c 1.559-04 1.010-02 
5.~OO+08 2.733-06 1.S0e-01 1.547-03 2.'16+01 4.643-01 2.978+01 'i.406-10 5.190-05 5.324-07 1.004-6, 1.598-04 1.075-02 
6.000.08 1.8'18-06 1.291-01 1.288-03 2.'48+01 4.726-01 3 .008~O 1 6.533-10 4.443-05 4.433-07 1.015-02 1.627-04 1.035-02 
~.OOO.C8 1.068-06 10008-01 9.654-04 ;>."",+01 4.839-01 3.050+01 3.676-10 3.469-il5 3.323-07 10 0 ?9-0' 1.6t,5-04 1.050-02 
1.000'09 6.n3-07 8.294-07. 7.718-Q4 3.'18+01 4.914-01 3.076+01 2.352-10 2.855-05 2.656-07 1.039-01 1.691-04 1.05'1-02 
1.500.09 3.037-07 5.793-02 5.H2-04 3.058+01 5.026-01 3.114+01 1.0105-10 1.9<)4-05 1.770-07 1.050-02 1.730-04 1.072-02 
?COO.09 1.70P-07 4.483-07. 3.855-04 3.080+01 5.090-01 30135+01 5.879-11 1.543-0:' 1.32;-07 1.060-0? 1.752-0~ 1.07'1-02 
3.~00.O9 7.592-08 3.117-32 ~.569-0L ~.·O4+01 5.15'1-01 3.159+01 2.613-11 1.073-05 8.842-08 1.06!l-02 1.776-04 1.087-02 

" .OOO'~9 4.?70-08 2 .4(,6-02 1.926-04 3.'16+01 5.200-01 3.170+01 10470-11 8.281-06 6.629-01> 1.072-02 1.7'i0-04 1.091-02. 
5.000.09 2.733-08 1.967-02 1.541-0~ 3.' 24 +01 5.224-01 3.178+01 9.1006-12 6.770-06 5.304-08 1.075-0, 1.798-04 1.094-02 
h~OO.09 1.1\98-08 1.668-02 1.284-% 3.'30-(,1 5.242-01 30181.'01 6.533-12 5.741-06 4.419-08 1.077-07 1.804-04 1.096-02 
8.000'09 1.068-08 1.285-0? 9.628-05 3.;37+01 S.265-01 ~.191+a1 3.676-12 4.423-06 3.314-01: 1.080-02 1.812-04 1.098-02 
1.~OO·10 6.833-09 1.0&9-02 7.702-05 3.'41+01 5.280-01 3.195'01 2.352-12 3.1>10-06 2.651-01' 1.0Pl-0. 10817-04 1.100-02 
1.500.,0 3.037-09 7.252-03 5.134-05 3.14e+Ol 5.360-01 3.202'01 1.045-12 2.496-06 1.767-08 10083-0, 1.['24-04 1.102-02 
;>.OOOtlO 1.708-09 5.576-03 3.850-05 3.151.01 5.312-01 3.205-01 5.879-13 1.919-06 1.325-0~ 1.085-02 1.828-04 1.103-02 
3.r-00.l0 7.592-10 3.845-C3 2.567-0~ 3. 1 55+01 5.323-01 3.209+01 2.613-13 1.323-06 8.835-0<; 1.086-01 1.832-1)4 1.104-02 
4 .OrO'1 0 4.27C-l0 2.952-03 1.925-05 3.15(,+01 5.330-01 3.210+01 1.470-13 1.016-06 6.625-09 1.0~6-02 ,.834-04 1.105-02 
5 .OnO'1 0 ;>.733-10 2.404-03 1.540-05 3.151'+01 5.33L-Ol 3.212+01 9.401>-14 S.274-07 5.300-09 10087-01 1.836-~4 1.105-02 

6.000'10 1.898-10 2.032-03 1.283-05 3.158+01 5.331-01 3.212+01 6.533-14 6.994-07 4.416-09 1.01'7-02 1.837-04 1.1~5-02 

8.~OO.'0 1.068-10 1.55P.-03 9.625-0f. 3.160+01 5.340-01 :.214+01 3.67i-14 50362-07 3.313-09 1.088-01 1.838-04 1.106-02 

1.000·11 6.833-11 1.268-03 7.700-06 3.160.Gl 5.342-01 3.214+01 2.352-14 4.364-07 2.6S0-0'1 10088-01 1.839-04 1.106-02 



T.~BLf: 6. Cross sections and mass attenuatio:1 coefficient.s (OT the individual and tot.al phot-on atom int-ersction processes, 1 MeV to 100 GeV, 
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72, flF. H~fNIlI'! ATOHIC WT. = 178.49 "SO/KG .00033739 BARNS/POM MUlTIPLY HSO/KG BY 10 FOR C"'SOIC 

P_IR PROD.CTION P qR PRODUC T I Oil 
SCATTERl ~G SCATTER INC 

PHOTON PHO TO- NUClE ~R E lEt TRON ToTAL PHOTO- NUCLEAR ElEClRON TOUl 

E HE HG Y COH,RENT t"COHER. ElECTH IC FIelD lIE LD COHERE!H INCOHER. ELECTRIC rJELD FIElO 

EV B/IlO'! B IATOH R IATO H B/ATOM PIATOH BIATOM flSO/KG "SO/KG HSO/KG HSO/kG "SO/KG HSO/KG -a 

1.0QO+06 ".97,-01 leSl1+Cl 3.463+00 C .OOt 0,000 1.927+01 2.353-04 5.098-03 1.168-03 0.000 0.000 6.5n-~3 
» 

1.022+06 6.~a3-01 1.495+Cl 3.3U+00 0.(1011 0.000 1.893tOl 2.255-04 5.&4&-03 1.118-03 o.oOC 0.000 6 .3~8-0 ~ 
1.250+06 4.4'~4-01 1.~54.01 2.234+~0 9.144~O2 0,000 1.631.01 1.516-04 4.568-03 7.537-04 3.085-05 0.000 5.504-0 .... 
10500tC6 3.15}-01 1.232+01 1.593+00 4.264-01 0,000 1.465+01 1.(l!>7-04 4.157-03 5.375-04 1.430 -04 0.000 4.944-03 '" 2.000+06 1.770-01 1.C53+01 'i.652-01 1.332+0{l 0,000 103CO+Ol 5.972-05 3.553-03 3.256-04 4.494-04 O,OOil 403B7-03 :;; 
2.04/,+06 1.695-01 I.C40+01 '1.308-01 1.1.14+00 o ,~OO 1.291+01 5.719-0~ 3.509-U3 3.140-04 4.771-04 0.000 4.357-~3 r-
3.000+0l> 7.M3-D2 8.291+ 00 5.067-01 3.065+00 2,898-ti3 1.194+01 2.663-05 2.797-03 1.710-04 1.034-0~ 9.7(8-07 4.030-03 m .... 
£.Cr.0+C6 4.415-02 6.~20.tO 3.329-01 4.515+0C 1,181-02 1.182+01 1.500-05 2.335-03 1.123-04 1.523-03 3.985-06 3.9a9-~3 ~ 

5.000+06 2.~47-02 5.977+00 2.447-01 5.735+00 2.350-02 102~1-01 t? .6~5 -06 2.017-03 8.256-05 1.9~5-0'! 7.929-06 4.052-03 » 
f .000+0 6 1.<:'17-02 5.284+00 1.921-01 6.7e3+(l0 3.603-02 1.231+01 6.61(;-06 1.783-03 6.4E 1-05 2.289-03 1.216-05 4.155-D Z 
7.000+01, 1.4\3-02 4.750+00 1.576-01 7 .7~8+0() 4.85C-02 1.268+01 £ .902-06 1.t03-03 5.317-05 2.601-03 1.636-05 4.27~-13 1:1 
8.~00.06 1.113-02 4.323+00 1.333-01 8.5AO·OO 6.055-02 1.307+01 3.755-06 1.459-03 4.497-05 2.8e1-03 2.043-~5 4.40<)-(3 .... 
9.000+06 F .792-03 3.974+0n 1.154-01 9.796+(0 7, 20 ~-02 1.347+01 2.966-06 1.3H-C3 3.893-05 3.P6-03 2.431-05 4.543-(3 0 
1.000+07 7.HZ-03 3.6~2+00 1.016-01 9.990+00 8,298-02 1.3P.6+01 2.403-U6 1.242-03 3·.42P-05 3.371-03 2.800-05 4.t-77-~3 -t 
1.1 00 _ 0 7 5 .8~6-03 3.435+00 9.067-02 1.063+01 9.330-02 1.425+01 1.986-06 1.159-03 3.059-05 3.586-03 3.148-05 4.809-0 » 
10200-07 4 .q~6-03 3.221+00 R.1S£-02 1.123+01 1.030-01 1.464tOl 1.1:069-06 1.087-03 2.Ul-05 :h789-03 3.H5-05 4.940-n r-
1.300+07 4.2 15-03 3.035+00 7.456-02 1.179+01 1.122-01 1.50Z+01 10422-06 1.024-03 7.516-05 ,.97R-03 3.785-05 5.066-~3 » 
1.£00+07 3.634-63 2.Ril+00 6.R45-02 1.231+01 1.208-01 1.537-01 1.226-06 9.686-04 2.309-05 4.153-03 4.076-05 5.187-(3 .... 
1.500+07 3.166-03 2.726-00 6.325-32 1.279+01 1.291-01 1.571+01 1.~68-06 9.197-04 2.134-05 40315-03 4.356-05 ~.301-~3 0 
1.600+C7 2.H3-03 2.596 + 00 5.B78-n 1.37.4+01 1.36~-01 1.603+01 9.390-07 8.759-04 1.983-05 4.467-~3 4.615-~5 5.41 0-C3 3: 
1.BOO+07 2.199-03 2.372+00 5.1£8-(,2 1.405+01 1.513-01 1.1>63-01 7.419-07 R.OO3-04 10 73 7-05 4.740-03 5.105- nS 5 .61 O-~3 n 
2.000+07 1.731-03 2.18R+00 4.578-07 1.478 .. 01 1.643-01 10718+01 6.009-C7 7.3P2-04 10545-0S 4.987-03 5.543-C5 5.796-03 

2.2CO+07 1.4'2-03 2.032+00 4.121-02 1.544+01 1,763-01 ,,769+01 4.966-07 6.856-04 1.390-05 5.20 q -0" 5.948-05 5 .969-03 n 
2.400_07 1.237-03 1.I:N9+00 3.747-02 1.603+01 1.872-01 1.815+01 4.173-07 6.£0'7-04 1.264-05 5.408-03 6.316-05 6.125-03 '" 2.6QOt07 1.0S4-03 1.783+00 3.434-02 1.658+01 1.973-01 1.860+01 3.S56-()7 0.016-04 1.159-05 S.594~03 6.657-~5 6.274-03 0 
2.800+07 9.036-\)4 1.682+011 3.169-02 1.708+01 2,066-01 1.900+01 3.066-Cf 5.675-04 1.069-05 5.763-03 6.970-05 6.411-03 \1'1 

\1'1 
3;000+OT 7.915-04 1.593+00 2.943-02 1.755+01 20153-01 1.939-01 2.670-07 5.375-04 9.92'1-06 5.921-03 7.264-C5 6.541-C3 

4.000+07 4.452-04 10266+00 2.166-02 1.943+01 2.510-01 2.097+01 ,.502-07 4.271-04 7,308-06 6.555-03 8.468-05 7.07'-03 \1'1 
m 

5.COn+07 2 .p. \ 0-&4 1.057+0~ 1.713-02 2.0S3+01 2, ne-o 1 2.218+01 9.616-08 3'566-04 5.779-06 7.028-03 9.373-05 7.484-03 n 
6.0CO+07 1.979-04 9.103-01 1.417-02 2.192+01 2.989-01 2.314+01 6.677-08 3.071-04 4.?Al-0" 7.30 6-03 1.008-04 7.e"8-~3 ... 
8.0CO+07 1.1 t 3-04 7,179-01 1.052-02 2.352+01 3,305-01 2.458+01 3.755-{)8 2.422-04 3.5£'1-06 7.935-03 1.115-C4 8.2Q3-03 (5 
1.0QO+08 7.H4-05 5.959-01 80369-03 2.465+01 3.533-01 2.561+01 2,404 -()6 2.010-04 2.824-0l- 8.317-03 1.192-04 8.640-03 Z 

.... 1.,rO+Ol> 3.106-05 1..241.-01 5.536-03 2.643+01 3.907-01 2.725-01 1.068-011 1.432-04 1.868-0t Ih917-03 1.318-04 9.194-03 \1'1 

2.000.08 1.781-05 3.327-01 4.136-03 2.749+01 4.138-01 2.62&+01 6.009-09 1.122-04 1.395-06 (j.275-03 1.396-04 9.528-03 -n 
"0 3.000+08 7.915-06 2.358-1:1 2.746-03 2.872+01 4.419-01 2.940+01 2.670-09 7.956-05 9.265-07 9.690-03 1.491-04 9.919-03 0 :r 

~ 4.000-08 4.452-06 t .847-01 ?'.05~-03 2,<;'42+01 4,587-01 3.007+01 1.502-09 6.232-05 6.937-07 9.926-03 1.548-~4 1.014-07 '" 5.000+08 2.849-06 1.529-01 1.643-03 2.9BS+Cl 4,700-01 3.050-01 9.612-10 5.159-05 5.543-07 1.008-02 1.5e6-~4 1.029-02 

n 6. ° 00+0 8 1.9 79-06 1.3° 9-01 1.36&-03 3.02H1l1 4,784-01 ~.082+01 6.677-1 () 4.416-0S 4,615-07 1.019-02 10614-~4 1.040-02 -a 
:r 

P.OOO-OB 1.113-06 1.022-01 1.025-03 3.065+01 1,.898-01 30124+01 3.755-10 3.44&-05 3.458-07 1.0~4-02 1.653-04 1.0,4-02 :c 
CD 0 
~ 1.00(1+09 7.124-07 8.411-02 8.193-04 3.093·01 4.974-01 3.151-01 2.404-10 2.P38-05 2.764-07 1.044-02 1.678-04 1.063-02 .... 
'" 

1.5~()+~9 3.11>6-07 5.874-02 5.458-04 3.134+01 5.087-01 3.191+01 ,"06S-10 1.982-05 1.841-01 1.057-02 10716-04 1.077-02 0 
~ ?~00+09 1.731-07 4 .546-02 4.092-04 3 .151:+0 1 5,151-01 3.212-01 6.009-11 1.53&-05 10381-07 1.065-02 1.738-04 1.084-02 Z 

3.00~+O9 7.9' 5-08 3.161-02 2.72 7-C4 3.1g~+01 5.221-01 3.235+01 2.670-11 1.1166-05 9.201-0" 1.073-02 10762-04 1.09?-O2 \1'1 

C 4.000+09 4.412-08 2.440-02 2.045-04 3.193+01 5.262-01 3.248+01 1.5()2-11 8.232-06 6.900-08 1.077-02 1.775-04 1.096-02 
a 
D 5.000_09 2.849-0B 1.995-02 1.636-04 3.201+01 5.287-01 3.256-01 9.612-12 6.731-06 5.520-08 1.0eO-02 1.784-04 1.098-02 - 6.rOQ-OQ 1.9'9-08 1.692-02 1.363-04 3.207+01 5.305-01 3.262+01 6.677-12 5.709-06 4.599-08 1.082-02 1.790-C4 1.100-0? 

< ~.OOO+oq 1.1'3-08 1.303-02 1.022-04 3.214+01 5, ~28-01 3.269+01 3.755-12 4.396-06 3.448-08 1.084-02 1.79B-04 1 .103-02 

~ 10000+10 7.11'-U9 1.064-02 R.176-05 3.21'1'>111 5.343-01 3.274'01 204tl4 -12 3.590-06 2 .7~8-08 1.086-02 1.803-04 1.104-02 

:.0 1.500+10 3.166-09 7.355-03 5.450-05 3.225+01 5.363-01 3.279+01 100611-12 2.481-06 1.839-08 1.08E-0? 1.809-04 1.106-02 

?00C+l0 1.781-09 5.654-03 4.087-C5 3.229+01 5,37·5-01 3.233+01 6.009-13 1 .908-0~ 1.379-08 1.080-02 1.~13-04 1 .10~-02 

Z 3.000+10 7.915-10 3.8<)9-03 2.725-05 3.232 +0 1 5,386-01 3.286+01 2.670-13 1.315-06 9.194-09 1.090-02 1.817-04 1.10 0 -02 
!' 4.000+10 4.412-10 2.994-03 2.044 -OS '3.23-4+01 5.393-01 3.288+01 1 • ..,02-13 1.010-06 6.896-09 1.091-02 1.820-04 1.109-02 

!' 5.000"0 <'~'9-10 2.438-t3 1.635-05 3.236.01 5,397-01 3.290+01 9.612-14 8.226-07 5.516-09 1.092-0" 1.821-04 1.110-02 .... 
6000~+10 1.0 19-10 2.061-03 1.362-0~ 3.2~6+()1 5.400-01 3.290+01 6.677-14 6.954-07 4 .~95-·0<; 1.0Q2-02 1.822-04 1.110-02 .... 

:0 8.000+10 1.113-10 1.5HO-03 1.022-05 3.2~7~Ol 5.403-01 3.291+01 3.755-14 5.331-07 3.441'-09 1.092-02 1.823-04 10110-02 .... 
UI 

CD 1.000+11 7.11£-11 1.28~-O3 R,l74-06 3.2:"1.<+01 5.405-01 3.292-01 2.404-14 4.339-07 2.75B-09 1, 092-02 10824-04 10111-02 
0 



~ T4BLi<l6. Cross sectioDsnDdmaBB attenuation coefficients for the individual and total photon atom interaetron·proeesses, 1 MeV to 100 GeV, .:.. 

" Z = 1 to lO(}-Continued . . ... 
... 0-

!I 
n 73, TA, l~NTALUM ATOHlr ~T. ~ 180.9'79 .MSO/KC .OOO~3281 BARNS/ATOH· .'LJLTIPLY."SO/KG fY 10 FOR e"SO/G 
... . PA III P·I!OiluCT ION PAIR PRODUCTION 
~ 

SCATT[I1I~G SC~TTEP iNC 
:a PHOTON PHOTO- N~ClEA R ELECTRON TOTAL PHOJO- NIJClEAR ELECT.RON TOTAL 
0 
~ ENERGY CO~ERENl INr.OHER. ElECTR Ie '.1 EL[) FIELD COHERENT INtOI/ER. ELECTRIC . ~IELD Ft ELO 

g 

• EV B/ArOH BIATOH B IATOH ~/ATCI4 E fA TOM B IA TOM "SQ/KG HSO/K(; "so/Ke "Sa/KG HSOIKe Hsane 

.i 
<: 1.000~06 7.264-01 1.532+01 3.684+00 0.000 0.000 1.973+01 2.417"-04 5.099-03 1.226,..03 0.000 0.000 6.566-03 

~ 1.022+06 6 .~60-01 1.,16+G1 3.526+0& 0.000 0.000 1.938+01 2.316,-01. 5,045-03 1.173-03 0.000 1i.00O 6.450-03 
1.250+06 4H81-01 10 572+ 01 2.378+00 9.491.-02 G.ooo 10666+01 10558-04 4.566-03 7.914-0~ ?'.160-05 0.000 5.545-03 

!J 1.500+0~ 3.264-01 1.249+01 1.696+00 4.435-01 0.000 1. ~96+01 1.086-04 4.157-03 5.64&-'0. 1,476-04 0.000 4.977-03 

Z 20000+06 1.~44-0 1 10)67.+01 1.027+00 11380"00 a.ooc "~26+0' 6.13 7-05 3.551-03 3.418'-0~ 4.593-04 O.oaO 4,413-03 

~ ?OU+06 1.,0\6-01 1.~54+01 9.902-01 1.46S+GO 0.000 1.317+01 5.877-05 3'508~.O3 3.295-0. 4.876-04 o.ooc I. .3S4-03 

!" 
3.00~+O6 8.224':'02 8.~O6+00 5.389-ij1· 3.161+00 2.938-03 1.219+01 2.737-05 20198-03 1.793-01 1~052-03 9.778-07 4.057.-03 
4.000+06 I. .~32-02 7.'16+00 I 3.'539-01 4.646+00 10198-02 10 207+01 10542-05 2.3~5-C3 10 17e-·o. 1.5'6-03 3.987-06 4.iJ18-C3 .. 5.000+06 2 .~66-02 6.)60+00 2.600.-01 5i893+00 2.382-02 1.227+01 9.871-06 2.017-03 8.653-0, 1.961':'03 7.927-06 4.082-03 .., 
6.000+06 2.061-02 S.S57+00 2.041-01 6.965+00 3.653-02 10 258 +0 1 6.859-06 .,1.783-03 6.793-0, 2.318..,03 1.216-05 4.128-03 .. 

0 7.000+06 . 1,514-02 4,315+00 1.674-01 7.911+00· 4.916-02 1.296+01 5.039-06 1.602-03 5.571-0; 2'6H-03 1.636-05 4.312-03· 
8.000+06 . 1.160-02 40383+00 1.416'-01 8.761+00 6.138-02 1.336+01 ·3.861-06 . 1.459~03 4~713-·0; 2.'>16-03 2.043-05. 4.446-0~ :: 9.000+06 9.162-i13 4. )29+00 1.225~O1 9.534 +00 7.305-'-02 1.377+01 30049-06 1.341-03 4.071:"0; 3.173-03 2,431-05 ·4.582-03 
10000+07 7.~?2-03 3.733+0.0 1.079-01 101)24+01 8.411:"02 1.417+01 2.470';"1)6 1;242-03 . 3~591~05 3.408-03 2.799- 0·5 4.717-03 i 
1.100+07 ·6.135-03 3 •• e2"0n 9.627-02 1.090+01 9.457-02 '.458+01 2.042':"06 1.159-03 3.204-05 3.621.-03 3.147-05 4.1i52-03 aD 
1.200+07 5.155-03 3.l66+00 8.689- 0 2.' 1.151.01 1.044-01 1.497+01 1.716.;.06 1.087-03 2.892-05 3.1>31",03 3.474-05. 4.9~3·03 rn 
1.300+07 4.393-03 3. ~77+00 7.Q15-02 ,.ZOf: +0 1 1.137-01 1.535+01 1.462-06 1.024-03 2.634-0; 4.020-03·3.784-05 5.110"03 

... 
1.400+07 3.788-03 2,~11+00 7.266-02 1.262+01 10225,..01 1.573+01 ·1.261-06 9.688-04 2.418-0; 4.200-'03 40077"':05 5.235-03 r 
10500+07 3.<99-03 2.764+0~ 6.711.-02 1.311+01 10308-01 1.608+01 1.098-06 9.199-04 2 .234 ~05 .40363-'03 40353-05 5.350-03 i 1.600+07 2.900-03 2,632+00 6.239-02 10357+01 10 ~8 7-01 1.641+01 9.651-07 o~ 759-0' 2.076"'"0, 4.,516-03 4.616~O5 5,460-03 
1.800+07 2.<91-03 2 .405+0~ 5.464-02 "441+01' loS:B-01· 1'703~01 7A625-07 .8.004-04 ,1.~18-0; 4.796-03 5.102-05 5.666-03 
2.000+07 1.E56-03 2.2.1.8.00 4.859-C2 1.515+01 106065-01 1.758+01 6.f77-()7 7.382-04· 10617-05 5.042-03 5.541-05 5.852-03 ~ 
?200+07 1.534-03 2 .)60+00 1..374-02 10582+01 1.766-01 1.810+01 ·5.105-07 6.&56-04 1.456-0S .5 .26 5-;03 5.944-05· 6.025-03 
2.400+07 1.289-03 1,~25+00· 3.976-02· 1.643+6~ 1.897-01 1.859+01 4.29.0-07 6.~07-04 1 ~323~0, ·5.468-03 6.313-05 6.185~03 ~ 
2.600+07 1.(911-03 1.108+00 3.644-C2 1~699+01 . 1.999-01 10904+01 3.654-07 6.017-04 1.213..,0, 5.654-03 6.653-05 6.3:"5-03 Z 
2.800+07 9.L69-04 1.705+00 3.363-02 . 1;751+01 2.094-01 1.946+01 3.151-07 5.674-04 10 119-05 5.827-03 6.969.-05 6'0476"03 1:1 
3.000+07 8.24'-04 1.~1S.IIO 3.122-02 10 798+0 1 2.181-01 1.·985+01 2.145-01 5.375-04 1.039-0, 5.984-03' 1.258-'-05 6.605-03 

G-
4.000+07 4.t40-04 1.-283+00 2. 298,..0<! 1.992+01 20543-01 2.148+01 1.5'4-01 40270-04 7.648:"0~ . ·6.629-u3 8,463-05 7 .1i.9,~03 

5.000+07 2.970-04 1.071+00 1.817-02 2.13S+()1 2~814-01 2.272+01 9.884-08 3.564-04 (,.04 "f-o, 7.105-03 9.365-05 ·7.562-03· ~ 
6.000+07 2 .~62-04 9.nO-Ol 1 .503-02 2.247+01 3.028-61 20371+01 6.1'62-08 3.072-04 S.002-0~ 7.&78-03 ·,.008-0A 7.89,1-03 :lID 
8.000+07 1 .,160-04 7.279-01 1.116-02 . 2.410+C~ ~~347-01 2,·517+01 3.861-08 2.422-04 3. 7·14~0~ 8.021'-03 1.114-04 8.378-0"3 aD 
1o~OO+08 7 .~24..,O5· 6'~42-01 8.878-03 2.·526+01 . ~.578,..01 2,623+01 2.'&71.,..08 2.011-04 2 .955-0~ ·1!.407-0~ 10191-04 8.73?"~3 e-
1.500~C8 3.300-05 4.303-01 5.872-03 2.708+01 ~.956-01 2.791+01 1.098-08 1.432-04 1 •. 954~0& 9.012-03 1.317-04 9.2f.9-03 
2.000+08 1.E56-05 3.373-01 4.387-03· 2.817~01. 4~19~-01 2.893+01 6.177-'-09 1.123-04 ,.46C-D6 9.375-03 1.394-04. 9~62t-03 
3.000+08 8.249-06 2.191-01 2.913-03 2.942··01 4.473-01 3.011+01 2.745-09· 7.957-05 (#.695-07 9.791-03 1.489-04 1.002-02 
1..0(10008 4.UO-06 1.!73-01 ·2.180",03 :3.014+01 A.642-01 3.079+01 1.544-09 6.233-05 7';255-07 1.003-02 1.54$-04 1.025-02 
5.000+08 2.S70-06 ",50-01 107&2.,.03. 3'0cf+Ol 4.757-01 3.,24+01 9.1l84-1O 5.158-05 5.797-07 1.01<]-02 1.583-04 1.040"02 
6.000+08 2.(62-06 .1.327-01. 1.451-03 3.095"01 A.tl41-01 3.,57+01 ·6.862-10 4.416-05 I..829-0~ 1003.0-02 1.611-04 1.051-02 
8.000+08 1.160-06 1.~37-01 1.087-03 3.1;'0+01 40957..,01 3.200+01 3.861-10 3.451-05 3. 6,18-0 7. "01.5-02 1.650-04 1 .065-02 
1.000+09 7ii24-07 . 11.,28-02 8.690-04 3.169+01 5.033-01 3·, 228.0 1 2.£11-10 2.838-05 2.892-07· 1.055-02 1.615'-04 1.074-02 
1.500+09 :1.300-07 5.~56-02 5.789-11& 3.210+01 5.147-01 3'267+01 1.098-10 t~982-05 ·1.927-07 . 1~06~-O2 1.713-04 1.087-112 
2.000 .. 09 1.~S6-07 4.61-0-02 4.34,,-04 3.233+01 5.211,..01 3.29HOl 6.177·-11 1-534.,.05 1.444-01 1~076-0Z· 1~734-04 1.095.-0? 
3.~OO+09 ~.2&9-08 ·3.~05-02 z.lln-04 3.258+01 5.281-01 3.314·+01 .2~745-11 10067-05. 9.625-08 10084-02 la758-U 1.103-02 
AoCOO.09 4.UO-DS 2.n4:"02 2.1119-04 3.271.01· 5.323-01 3·.327+01 1.544-11 8 .234-06' 7 .219-08 1.089-02 1.172-04 1.107:,:,02 
5.000+09 2.nD-D8 . 2.~23-02 1.735-04 3.279+01 5.348-01 3·.335+01" 9.884-12 6.733-06 5.771.-08 1.091-02 1.780-(14 1.110-02 
6.000+09 2.(62-08 ,.715':'02 1.1.45-04 3.285+01 5.366-01 3'-340+01 6.862-12 5.708,..06 4.809.,.08 1.093-02 .1.786-04 1.112-02 
e.coo+09 1.160-08· 1.32Z':'0<! 1.084-04 3.292 .. 01 5."389-01 3.347+01 3.~6f-12 4.400~06 . j.6~8-08 1.096-02 1.793-04 1.114-02 
1.000+10 7.(24-Q9 . 1.~79-02 P.671-~5 ~.297 .. 01 5.404':"01 3. 352+·01 2.411-12 3.591-06 2.886-08 1.097-02 1.798-04 10116"02 

··r.-500+10 3.300-09· 1.~57-03 5.781-05 3.304+01 5.42/.-01 3.359+01 10098""12 2.4l12-06 10924-08 10100-02 .,...805-04 - 1.118.02 
~ .0-00+10 1.156-09 5.733-03 4.335-05 3.307+01 5.436-01 !.362+01 6.177-13 1.908~06 1.443-08 1.101-02 1.809-04 1.119-02 
3.0nO+l0 8.a49-to. 3 •• 54-03 2.890"'05 3.311+01 5.447-01 3.366+01 2.745-13· 1.316-'-06 9.618-0~ .1.102-02 1.813-04 1.120-02 
4.0110+10 ".640-10 . 3 .035-03 ?167-05 3.313+01 5.455-01 3,368+01 1.5&4-13 1.010-06 7.212"'09 10 103-02 1.815-04 1.121-02 
5.000+10 2.~70-1 0 <.172-03 1.734-05 3.311.+01 ~.459-01 3.369+01 9.884-14 8.227-07 5.771-09 1.103-02· 101117"'04 1.121-0.2 
6.000+10 2 .~62-10 <?~89-(l3 1.445-05 3.315+1)1 5.462-01 3.370+01 6.862-'14 6.952-07 4.809-09 1.103-02 1.818'-04 1.121;-02 
8.000+10 1.160-10 1.~02'-03 1.084-05 3.316"01 .5·.465-01 3.371+01 3.861~14 5.332~01 ·3i608-0~ t.104-'02 1.819.':'04 t .122~02 
1.001l+11 ·7 ~.2&-11 1.303-03 11.670-06 3.317+(11 5.467-01 3.372+01 2~411-14 4.·336-07 2.885-09 10104-02 1.819-04· 1.1??-0t! 



TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaetion processes, 1 MeV to 100 GeV, 
Z=l to lOO-Continued 

74. w • TUNGSTEN _TorlC YT. = 1e3.85 !ISO/KG .Dn03Z7~5 PARIIS/ArOM 'ULTIPLY M50/KG BY 10 FOR CMSO/G 

P~ IR PROOUCT ION PA IR PRODUC TlON 
S CA HER I lie SC AlTER ING 

PHHON PHD TO- NUCLE_R ELECTRON TOTAL PHOTO- NUClfA~ ElECTR'ON TOTAL 
EN,RGY CCHER ENT INCOHER. ElECTR Ie F IEle fIELD COHEREN1 INCOHER, eleCTRIC FIElD FIHD 

,V E/ATOM BnTOH BIHOH E/ATOM ·BIATOM B/ATOH HSO/KG "Sa/KG "SOIK~ MSO/k; "SIl/KG "SO/KG "V 

100)0+06 3.917+00 0.000 0.000 6.618-03 > 
7.562-01 1.553+01 0.000 0.000 2.020+01 2.477-04 5.087-03 1.283 -03 ~ 1.022+06 '7.246-(\1 1.536+01 3.749+00 o.oon o.oon 1.983+01 20373-04 5.031-0J 1.228-0 0.001' D.OOO 6.497-03 

1.2;0+G6 4.874-01 10391+01 2.52e+co 9.852-02 0.000 1.702+01 1.596-04 4.556-03 8.281-(1. 3.227-)5 G.OOO 5.576-03 -4 
1.5)0+06 ,.399-01 1.266+01 1.~03+00 4.611-01 0.000 1.5;.>6+01 1.113-~6 4.147-03 5.906-04 10510-)4 O·OuO 5.000-03 lIaI 

2.C)(I+06 1.921-01 10082+01 1.091+00 1.430'00 0.0 Oil 1.353+01 6.292-05 3.544-(13 3,574-~4 4.684-)4 0.000 4.4,33-03 :; 
;.>.0,£+06 1.839-01 1.069+01 1.053+00 1.S17+CO 0.00)0 1.344+01 6'0<'4-05 3 '502-0~ 3.449-[4 /.o969-~4 0.000 4.4~4-03 .... 

m 
3'O~Cl+0 6 R.567-02 8.521+00 'S.72~-01 3.256+00 ;'>.97~-03 1.244+01 2.806-c5 2.7'H-03 1.1:175-(4 1.067-~3 9.755-07 4.075-03 .:-I 
4.0)0+06 4.825-02 7.112+00 3.759-01 4.778+00 1.214-02 ;.233+01 1.580-05 2.330-03 ;.231-(4 1.565-)3 3.976-06 4.03a-03 

5.0DO+06 3 .~9fJ-02 6.143+00 2.761-01 6.053+00 2.£15-02 1.253+a1 1.012-0~ 2.012-05 9.044-t5 1.983-D3 7.910-06 4.103-03 > 
6'.0)0+06 2.1&7-02 5.430+0p 2.167-01 7.149+0r 3.702-0Z 1.285+01 7'033-0t 1.779-05 7.091\-"05 2.34;>-)3 1.213-05 4 .21C- 03 Z 
7.(I')()+06 1.577-02 4.881+00 1.777-01 8.116+00 4.9R3-0Z 1.324+01 5.165-06 1.599-05 5.821-05 2.651'-13 1.632-05 4.337-03 C 
8.0)0+06 1.208 -02 4.£43+00 1.503-01 8.985+00 6.221-02 "365+ 01 3.957-0t 1.455-03 4.9?3-eS 2.943-)3 ".03&-05 4.472-03 -4 
9.Q ~0+06 '1.545-03 4.084+0C 1.30e-01 9.77UOO 7.403-02 1.t.07+01 3.126-06 1.338-0~ ,4.256-(5 3.202-)3 2.425-05 4.610-03 0 
1.~OO+O7 7.732-03 3.785+00 1.144-01 1.050_01 8.524-02 1.&49+01 2.533-06 1.24()-O3 3.747-C5 ~.4 3"-.)3 2. 7 92-05 4.747-03 -4 
1.HO+07 (,.390-03 3.530-00 1.021-01 1.117_01 9.S!4-0Z 1.490+01 20093-06 1.156-03 3.~4"-tS 3,659-E 3.139-05 4.682-03 > 
1.200+07 5.310-03 30311+00 9.217-r2 1.180+01 1.058-01 1.531+01 10759-06 1.085-0~ 3.019-(5 3.S65-l3 3.466-05 S .OH-03 .... 
',!'lO+()7 4.576-03 3.119+00 8.396-02 1.238+01 1.152-01 1.570+01 1.499-06 1.022-0~ 2.750-C5 4.05~-n 3.773-05 ~.143-03 > 
1.UO-07 3.946-03 2.951+00 7.707-02 1.293+01 1.241-01 1.609+01 1.293-06 9,61,6-0. 2.524-05 4.235-B 4.065-05 5.269-03 -4 
1.500+07 30437-03 2.801+00 7.121-02 1.343+01 1.325-01 1.644+01 " 126-06 '1.175-0. 2 .332-~5 4.399-B 4.340-05 5.384-03 0 
1.600+07 3.021-03 2.668+00 6.617-G2 1.391+01 1.405-01 1.679+01 9.895-07 8.739-0. 2.167-05 4.556-0)3 4.602-05 5.499-03 ~ 
1.800+07 2.387-03 2.436+00 5.795-02 1.476+01 1.553-01 1.741+01 7,819-07 7.986-0. 1.898-05 4.835-,)3 5.087-05 5.704-03 n 
2.00N07 1.933-03 2.248+00 5.153-02 1.552+01 1.687-01 1.799+01 6.332-07 7,363-01 1.688-05 5.084-')3 5.526-05 5.893-03 
2.200+07 1.598-03 2.089+00 4.6~8-r2 1.621+01 1.810-01 1.853+01 5.234-07 6.8'43-0. 1.519-05 5.310-n 5.929-05 6.06Q-03 n 
2.400+07 1.343-03 1.952+00 4.216-02 1.6P4+01 1.922-01 1.903+01 4.399-07 6.394-0. 1.381-05 S,516-B 6.296-05 (..233-03 lIaI 

2.6QO+t>7 1.14t.-03 1.!.'-33+00 3.864-02 1.741.01 2.1)25-01 1.949+01 3.747-<j1 6.n04-0 \ 1.26b-tS 5.703-n 6.633-05 6.382-03 0 
2.8~0+0 7 9.865-04 1.129+00 3.566-02 1.794+01 2.121-01 1.992+01 3.231-07 5.663-0. 1.168-05 5.87(;-03 6.947-05 6,524-03 lit 

lit 
3.0en+o? 8.593-04 1.6]7+00 ~.310-02 1.842+01 2.210-01 2.031+01 2.81S-0f 5.362-0. 1.084-fl5 6.034-B 7.239-05 6.653-0'3 

lit 
4.0fO+07 4.834-04 10301+ no 2.06-02 2.040+01 2.575-01 2.198+01 1.583-07 &.261-0. 7.979-06 6.61!2-03 8.434-05 7.201-03 m 
5.~flO+07 3.094 -04 1.086+00 1.927-02 2.187+01 2.850-01 2.326+01 1.013-07 3.557-0. 6.312-06 7.164-n 9.335-05 7.619-03 n 
6. "fO+07 2.148-04 9.356-01 1.593-02 2.301+01 3.067-01 2.427+01 7.D36-08 3.065-0. S.218-fl6 7.537-03 1.005-04 7.'149-03 -4 

8.000+0,7 1 .~0l~-O4 7.379-01 1.183-02 2.469+01 3.390,-01 2.57S+01 3.957-0A 2.417-0. 3.875-06 8.087-03 1.110-04 8.444-03 (5 
... 1.0IC+08 7.734-05 6.124-~1 9.410-03 2.587+01 3.623-01 2.685+01 2.533"'"08 2.0G6-G' 3.082-06 8.474-<)3 1.187-04 8.796-03 Z 

1.5f.0+CIl 3.437-05 4.362-01 6.224-03 2.774+01 4.~05-0f l.858+01 1.126-0~ 1.429-0, 2.039-06 9.086-H 1.312-04 9.362-03 lit ... 2.0&C+08 1.933-05 3.42~-01 4.649-C3 2.885+01 4.241-01 2.962+01 6.332-09 1.120-0. 1.523-06 9.450-D 1.389-04 9.702-03 "" :r 
~ 3.000.(l8 8.SQ3-(l6 2.424-01 3.1)87-03 3.013+01 4.527-01 3.083+01 2.815-09 7.'140-0, 1.011-06 9.86Q-a3 1.483-04 1.010-02 0 

4.000+08 4.B34-06 1.8Q8-01 20311-03 3.0~7+C1 4.6'18-01 3.153+01 1.583-09 6.217-05 7.570-07 1.01'-~2 1.539-04 1.033-02 lIaI 
n 5.000+08 3.094-06 1.571-01 1.!l46-03 ,3.135 + C 1 4.814-01 3.199+01 1.013-09 5.146-05 6.C47-07 1. C2 7-')2 1.577-04 1.04!<-02 
:r 6.0I{l+08 2.148-06 1.345-01 1.537-03 3.169+01 4.898-01 3.<32+01 7.036-ta 4.406-05 5.034-07 1.()~8-12 ,.604-04 1.059-02 "V 
It ::c 
11 8.000-08 1.208-06 1.051-01 1.152-03 3.215+01 5.015-01 3.276+01 3.957-10 3.443-0; 3.773-07 1.053-)2 1.643-04 1.073-02 0 
"" 

1.000+09 7 .734-0 7 8.645-02 9.209-04 3.245+01 5.092-01 3.305+01 2.533-1n ... 832-01 3.016-07 1.063-,)2 1.668-()4 1,082-02 -4 

~ 1.510+09 3.\37-07 6.031-02 6.135-04 3.287+01 5.206-01 3.345+('1 10126-10 1.977-05 2.010-07 1.077-02 10705-04 1.096-02 0 
2.010+09 1.933-07 4.673-02 4.599-04 3.310+01 5.271-01 3.367+01 6.332-11 1.531-01 1.506-07 1.084-)7 1.727-04 1.103-02 Z 

g 3.000+ll9 8.593-08 3.249-02 3.065-04 3.336+01 5.341-01 3.393+01 2.815-11 1.064-05 1.004-07 1.093-'ll 1.749-04 1.111-02 lit 
Q 
i 4.010+09 4.~34-08 2.508-02 2.298-04 3.349+01 5.383-01 3.405+01 1.583-11 8,215-06 7.527-0S 1.097-~2 1.763-04 1.115-02 . 5.0&0+09 3.094-08 2.050-02 1.~38-04 3.358+01 5.408-01 3.414+01 1.013-11 6.715-06 6.020-~8 1.100-')? 1.771-04 1.118-02 
< 6.0~O+O9 2.141!-08 1.739-02 1.532-&4 3.363+01 5.426-01 3.419+01 7.036-12 5.696-0. 5.018-M 1.102--)2 1.777-04 1.120-02 
!!- 8.000+09 1 .~O8-08 1.360-(2 1.149-04 3.371+01 5.450-01 3.427+01 3.957-12 4.38'7-0. 3.764-08 1.104-)2 1.785-04 1.122-02 

-0 1.000+10 7.734-09 1.09&-02 ~.18q-05 3.376'01 5.465-61 3.432+01 2.533-12 3.583-Go 3.lll ()-~8 1.106-)2 1.790-~4 1.124-02 . 100;,0.11) 3.07-09 7.559-03 6.126-05 3.383+01 5.4R5-01 3.439+01 1.126-12 2.476-0; 2.007-(8 1.108-)2 1.797-04 1.126-02 
Z 2.C!O+IG 1.933-09 5.811-03 4.594~05 3.387+01 5.&97-01 3.443+01 6.332-n 1.903-06 1.S05-£b 1.109-)2 1.!!01-04 1.12P.-02 
~ 3.0DO+10 3.593-10 4.008-03 3.063-05 3.390+01 5.50B-01 3.445+01 2.£'15-13 1.313-06 1.003-0S 1.110-)2 1.804-04 1.17.9-02 

~ 4.0CO+10 4 .~34-1 0 3.077-03 ".297-05 3.392+01 5.515-01 3.447+01 1.583-1~ 1.008-00 7.524-('i 10111-~2 1.806-04 1.129-02 

;; 
5.lH~+10 3.094-10 2.506-03 1.838-C5 30394+01 5.520-01 3.449+01 1.013-13 B.208-07 6.020-09 1.112-)2 101308-04 1.130-02 
6.o,o+10 2.148-10 2.111l-03 1.531~05 3.394".01 5.522-01 3.449+01 7.036-14 6.938-0 7 5.015-09 10112-')2 1.809-04 1.130-02 -CD !!.ry~0+10 1.?OIl-10 1.624-03 1.14P~05 3.31'6+01 5.525-()1 3.451+01 3.957-1.\ 5.319-07 3.760-~9 1.112-)2 1.1110-04 1.131-02 

0 
...., 

1.~~0+11 7.734-11 103?1-03 9.187-06 30396+01 5.528-01 3.451+01 2.533-14 4.327-0 7 3.009-09 1.112-'2 1.e11-04 1.131-02 



;- TAB!.E 6. Cross sections lind mass attenuation coefficients for the individual and total photon atom interac:.ion processes, 1 MeV to 100 GeV, ... 
... Z = 1 to 100--Continued ... 
... co 
~ 

n 75. RE, RHENIUM ATOHIC VT. = 186.207 iS0/KG .00032341 BAkNS/ATOM MULTIPLY MIl/KG BY lC FOR CM~O/G ... 
III 

~ PAIR PROLlCTIOPI PAIR PRODUCTIO~ 

'" SCATTERING SCA TTE RING 
~ PH,:)TON PHOTO- NUCLEAR ElECTRON rOTAL PHOTO- NUCLEAR ELECTRCN TOTAL 

C ENERGY COHERENT INCOHER. ELECTR IC FIELD FIELD COHERENT I NCOHER. ELECTRIC rI HO FIELD .. 
12 EV E IATOM B IHOM B IATOH S/ATOM S/HO!! l/ATOH HSOIKG HSO /KG HSO/KG MS(l/KG !!SO/KG MSO/KG 

< 1.000-06 7.1':69-01 1.5 1 3+01 4.162~00 o .00t 2.068+01 5.087-03 c.Olln 0.000 6.688-03 
~ 0.000 2.545-04 1.346-03 

1.0n-06 7.540-01 1.5;7+01 3.'183+0~ 0.000 o .OG 0 2.031+01 2.438-04 5.035-03 1.288-03 O.O~O 0.000 6.567-03 

:c 1.25n-C6 5.073-01 10&10<01 2.686+0r, 1.022-01 0.01) G 1.7J,{)+01 1.641-04 4.560-03 8.687-04 3.305-05 0.000 5.626-03 

Z 1.500'06 3.538-01 1.283+01 1.915+00 4.793-01 0.001t 1.558+01 1.144-04 4.14'1-03 6.193-04 1.550-0~ 0.000 5.03P-03 

!' 2. POO'06 .... !l00-01 1.0Q6+01 1.159+00 1.4~"CO o.roo 10380+01 6.468-05 3.545-03 3.74&-0~ 4.79()-0\ 0.000 4.46~-03 

~ 
(.044-06 1.915-01 1.033+C1 1.118~oa 1.511+00 0.000 10371+01 6.193-05 3.502-03 3.616-04 S.081-0~ 0.000 4.434-03 
3.000'06 8.920-02 8.6l6+00' 6.078-C1 3.357~OO 3.016-03 10269+111 2.8E5-05 .... 793-03 1.966-0& 1.086-0~ 9.760-{7 4.1"5-03 

:0 & .000'06 5.07&-02 7.2'7+00 3.9~9-01 4.911+00 1.230-02 10258-01 1.625-05 2.331-03 1.290-0~ 1.588-03 3.97f.-(6 4.06R-03 

co 5.00C'06 3.218-02 6.226+00 2.929-01 6.?15+00 2 .441-02 1.279+01 1.041-05 2 .014-03 9.473-05 2.010-0J 7.914-(6 4.137-03 
0 6. COO'06 2.235-02 5.5n4~0~ 2.299-01 7.335+00 3.752-02 1.313+01 7.228-06 1.780-03 7.435-05 2.372-03 1.213-(5 4.246-03 

7.cor·06 1.643-02 4.9,7+00 1.885-01 8.323~00 5.049-02 "353+01 5.314-06 1.600-03 6.096-05 2.692-0' 1.633-(5 4.374-03 
:t: 8.00r-06 1.258-02 4.5'\3+00 1.593-01 '1.211+00 t.303-02' 1.395+01 4.068-06 1.456-C3 5.152-05 ?979-0~ 2 .03&-(5 4 .511-03 c: 

9.00~-06 9.940-03 4.100+00 1.378-01 1.002+01 7.501-0< 1.438+01 3.2 '15 -06 1.339-03 ,4.457-05 3.241-03 2.1026-~5 4.651-03 til 
1.000-07 8.1'52-03 3.836+00 1.213-P1 1.076+01 8.637-02 1.481+01 2.604-06 10241-03 3.923-05 3.480-03 2.793-15 4.790-03 til 
1.HO-07 6.655-03 3.5 1 8+00 1.083-01 1.145+01 9.711-02 1.524+01 2.152-06 1.157-03 3.502-05 3.703-0S 3.141-(5 4.929-03 I'TI 

10200-07 5.592-03 3.355~00 '1.771-02 1.209+01 1.072-01 10566+01 1.808-06 1.085-03 3.160-05 :;t:.91 0-03 3.467-'5 5.063-03 ... 
1.300-07 4.765-03 3.101+00 8.899-02 1.268+01 1.167-01 1.605+01 1.541-06 1.022-03 2.878-05 4.1C1-03 3.774-~5 5.191-03 r 
1.4CO-1l7 4.109-03 2.9~1~OO 8.169-02 1.324+01 1.258-01 1.644+01 1.329-06 9.673-04 2.642-05 1..21l2-IH 4.068-15 5.318-03 Q 
1.500'07 3.579-03 2.8J9+00 7.547-02 1.376+01 1.343-01 1.681+01 1.'57-06 9.181-04 2.441-05 4.450-0~ 4.343-(5 5.437-03 i 1.600'07 3.146-03 2.714 + 00 7.013-02 1.424+01 1.424-01 1.716+01 1.017-06 8.745-04 2.26!~-05 4.605-03 4.605-(5 5.550-03 
1.800-07 2.486-03 2.4 1 1+00 t-.141-02 1.512+01 1.574-01 1.781+01 8.040-07 7.991-04 1.9R6-05 4.890-03 5.0<;0-15 5.761-03 ~ 
2.000'07 2.013-03 2.2 1 9+00 5.460-02 1.5~0+01 1.709-01 1.841+01 6.510-07 7.370-04 1.766-05 5.11.2-03 5.527-(5 5.953-03 
7.200H17 1.664-03 2.,17+00 4.914-02 1.660+01 1.~33;'Ol 1.895+01 5.31J1-C7 6.847-04 1.589-05 5.369-03 5.928-(5 6.129-03 ,. 
2.400+07 1.398-03 1.978+00 4.467-02 1.724+01 1.947-01 1.946+01 4.521-07 6.397-04 10445-05 5.576-03 6.297- (5 6.293-03, ~ 2.600'07 10191-03 1.851+00 4.094-02 1.783+01 2.052-01 1.993+01 3.852-07 6.006-C4 1.324-05 5.766-03 6.636-(5 6.447-03 
2.800-07 1.027-03 1.752+00 3.778-02 1.837+01 2.148-01 2.038+01 3.~21-07 5.666-04 1.222-05 5.941-()~ 6.947-(5 6.590-03 

'9-
3.000'07 8.94')-04 1.6;9+00 3.507-02 1.587+01 2.238-01 2.079+01 2.894-07 50365-04 1.134-05 6.103-03 7.238-!5 6.723-03 < 4.000'07 5.034-04 1.318+00 2.5F1-02 2.089+01 2.60B-Ol 2.250+01 1.628-07 4.262-04 8.347-06 ~.756-0~ 8.434-(5 7.27~-03 I'TI 
5.000-07 3.222-04 1.1<)1+00 2.041-02 2.240+01 2 .1!86-0 1 2.381+01 1.042-07 3.561-04 6.601-06 7.244-03 9.333-15 7.700-03 ::IIJ 

6.000-07 2.237-04 9.433-01 1.687-02 2.357+01 3.105-01 2.485+01 7.235-08 3.067-04 5 .456-0~ 7.623-03 1.004-~4 8.035-03 til 

8.000-07 1.258-04 7.479-nl 1.253-02 2.528~01 3,432-01 2.638+01 4.068-08 2.419-04 4.052-06 8.176-03 1.110-U 8.533-03 '9-
1.000·08 8.054-05 6.207-01 9.966-03 2.649+01 3.668-01 2.749+01' 2.605-08 2.007-04 3.223-0t 8.567-{\3 1.186-14 8.890-03 

1.5CO-08 3.580-05 4.4l0-01 6.5'11-03 2.640+01 4.053-01 2.925+01 1.158-08 1.429-04 2.132-06 9.185-03 10311-14 9.461-03 
2.000-0B 2.013-05 3.466-01 4.924-03 2.953+01 4.292-01 3.031+01 6.510-09 1.121-04 1.592-06 9.550-0~ 1.388-(4 9.803-03 
3.000-08 8.949-06 2.417-01 3.269-03 3.085+01 4.581-01 3d 56+01 2.894-09 7.946-05 1.057-06 9.977-03 10482-C4 1.021-02 
4.000-08 5.034-06 1.9Z4-01 2.447-03 3.160+01 4.753-01 3.227+01 1 .62B -o~ 6.222-05 7.914-01 ' 1.022-0? 1.537-(4 1.044-02 
5.~OO-O8 3.222-06 1.593-01 1.955-~3 3.209+01 4.870-01 3.274+01 1.042-09 5.152-05 6.~23-01 1.G38-u? 1.575-~4 1 .C 59-02 
/" nOO'08 2.237-06 1.304-01 1.628-P3 3.244+01 4.955-01 3.307+01 7.235-10' 4.411-05 5.265-07 1.04~-0? 1.602-(4 1.070-02 
e.ooo·ca 1.258-06 T.065-~1 1.220-03 ~.291+01 5.072-01 3.352+01 4.068-10 3.444-05 ~.946-07 1.064-0~ 1.640-(4 1.084-02 
1.0~O-O9 ~ .054-07 8.762-0? 9.753-04 3.321~01 5.150-01 3.3111+01 2.605-10 2.834-05 3.154-07 1.074-02 1.666-(4 1.094-02 
1.50P-09 3.5£<0-07 6.,19-02 6.496-04 3.365+01 5.265-01 3.424+01 1.158-10 1.979-05 2.101-07 T.OSB-(l! 1.703-(4 1.107-02 
2.CD~'09 2.013-07 4.736-02 4.870-04 3.389+01 5.330-01 3.447+01 6.510-11 1.532-05 1.575-07 1.096-02 1.724-(4 1.115-02 
3. 0~0-O9 II .Q49-0 8 3.293 -02 3.246-04 3.414+01 5.401-01 3.471+01 2.894-11 1.065-05 1.051.'-07 1.104-01 1.747-~4 1.17.3-02 
4.000'09 5.034-08 2.0;:2-02 2.434-04 3.426+01 5.443-01 ':h485+01 1.b28-11 8.221-06 7.872-0b 1.109-01 1.760-(4 1.127-02 
5.rOO-09 3.222-08 2.0 1 8-02 1.947-04 3.437+01 5.468-01 3.494+01 1.042-11 6.720-06 6.297-08 1.112-02 1.768-f4 1.130-02 
6.000-C9 2.237-08 1.7.2 -0 2 1.622-04 3.443+01 5.486-01 3.500~01 7.235-12 5.698-06 5.246-06 1.113-02 1.774-(4 1.132-02 
8.000'09 1.258-08 "318-02 1.216-04 3.451+61 5.510-01 3.507+01 4.068-12 4.392-06 3.933-0< 1. '116-0 2 1.782-{4 1.134-02 
1.000+10 8.054-09 10 H9-02 9.731-05 3.456+01 5.525-01 3.512+01 2.605-12 3.587-06 3.147-08 1.118-01 1.787-C4 1.136-02 
10500+10 3.580-09 7.661-03 6.487-05 3.463+01 5.545-01 3.519+01 10156-12 2.478-0t. 2.098-0~ 1.120-02 1.793-(4 1.13~-02 

2.000-10 2.013-09 5.890-03 4.865-05 3.466+01 5.557-01 3.522+01 6.510-13 1.905-06 1.573-08 1.121-02 1.797-{4 1.139-02 
3.000+10 8.949-10 4.062-03 3.243-05 3.470+01 5.568-01 3.526+01 2.894-13 1.314-06 1.049-0~ 1.122-02 10801-C4 1.140-02 
4.000-10 5.034-10 3.,18-03 2.432-05 3.472+01 5.576-01 3.528+01 10628-13 1.008-06 7.865-09 t.123-01 1.803-(4 1.141-02 
5.000-10 :!.222-10 2.539-03 1.946-05 3.474+01 5.580-01 3.530+01 1.042-13 8.211-07 6.293-09 1.124-07. 1.805-C4 1.142-02 
6.000-10 2.237-10 2.,.7-03 1.622-05 3.474+01 5.583-01 3.530+01 7.235-14 6.944-07 5.246-09 1.124-0~ 1.806-~4 1.142-02 
8.000+10 1.258-10 1.6.6-03 1.216-05 3.476+01 5.S85-01 3.532+01 ~.068-14 5.323-07 3.933-09 1.12'-02 1.806-(4 1.142-02 
1.000'11 8.054-11 1.3l9-03 9.729-06 3.47<S+01 5.588-01 3.532+01 2.605-14 4.330-07 3.146-0~ 1.1?4-0Z 1.807-04 1.142-02 



TABLE 6. Cross sections and millis attenuation coefficients for the individual and total photon atom interltction processes, 1 MeV to 100 GeV. 
Z=1 to 10o-Continued 

76. as. OSMIUM ATOMIC VT. ~ 190.2 "SOIKG .00031662 BARNS/ATOM MULTIPLY "SO/KG RY 10 roo CMSU/G 

PAIR PRODUCTION pnR PRODUCTION 
SCATHPING SCATTER IMG 

1'HOTI'I'I rHOTO- ~tiCLU R ELECTRON TOTAL PHOTO- NUCLEAR ELfCHON TOTH 
ENERGY CO!-lERENT INCOHER. ElECTR IC FIElD F I!, LD COHERENT II/COllER. ElECTRIC fiElD r IELD 

EV BIATOM BIATOM U/HOM BIATO" B fA TOM e IATOH HSO/KG IIS0lKG HSO/KG MSO/K,; MSO/~C MSO IKG 
-a 

1.000+06 8.186-01 1.594+01 4.418+0P 0.000 0.000 2.118+01 2.592-04 5.047-03 1.3'f9-0:i 0.090 0.000 6.705-03 ,. 
1.022+06 7.843-01 10577+01 4.229+00 0.000 0.000 2.078+01 2.483-04 4.993-03 1.339-03 0.0 PO 0.000 6.580-03 ?i 
1.250+06 5.278-01 104~8+~1 2.852+00 10059.-£11 0.000 1.777+01 10671-04 4.521-03 9.030-04 3.353-~5 0.000 5.625-03 
1.500+06 3.681-01 10300+ til 2.033+00 4.979-r1 0.000 1.590+01 10165-04 4.116-03 6.437-04 1.576-U 0.000 5.034-03 -I 
2.000+06 2.081-01 1.111+61 1.230+00 10533+0& 0.000 1.408+01 6.S89-05 3.518-03 3.894-04 &.854-H 0.000 4.458-03 ;11:1 

2.044+06 1.993-01 1.097+01 1·0186+ 00 10626+00 0.000 1.398+01 6.310-05 3.473-03 3.755-04 5. T48-~4 0.000 4.4H-03 ~ 
3.000+06 9.2g4-02 8.751+00· 6.448-01 3.458+00 3.058-03 1.295+01 2.939-05 2.771-03 Z.042-04 1.095-)3 9.682-07 4.100-03 

... 
m 

4.COO+06 5.230-02 7.303+00 ,4,230-01 5.047+00 1.246-02 1.284+01 1.65lo-05 2.312-03 1.339-04 1.598-n 3.945-06 4.065-03 .:-' 
5.000+06 3.349-02 6·.309+00 3.105-01 6.378+00 2.47<1-02 1.306+01 1.060-05 1.998-03 9.e31-05 2.019-l" 7.849-06 4 .134~O3 
6.000+06 2.327-02 5.577+00 2,436-01 7.522+00 3.801-02 1.340+01 7.368-06 1.766-03 7.713~O5 2.382-)3 1.203-05 4.244-03 

,. 
7.000+06 1.710-82 5.013+00 1.997-01 8.531+00 5.115-02 1.381+01 5.414-06 1.587-en 6.323-05 2.701-J~ 1.619-05 4.313-03 Z 
8.00~+06 1.309-02 4.563+00 1.688-01 9.438'00 6.386-02 1.425+01 4.145-06 1.445-03 5.34&-05 2.988-0 :< 2.022-05 4.511-03 C 
9.000+06 1.035-02 4.195+00 1.460-01 1onZ6+01 7.60U-02 1.4e9+01 3.277-06 1.328-03 4.623-0'; 3.24l'o-')3 2.406-05 4.650-03 -I 
1.00C+07 8.382-03 3.887+00 1.285-01 10102+01 8.75G-02 1.513+01 2.654-06 1.231-03 4.069-05 3.6P9-03 20770-0S 6.791-03 0 
10100+07 6.928-03 3.625+00 1.147-01 1.172+01 9.837-02 1.556+01 2.194-06 1.148-03 3.632-05 3.711-.)3 3.115-05 6.~28-03 -I 

1.20~·O7 5.821-03 3.400+00 1,03S-G1 1.238+01 1.086-01 1.600+01 1.843-06 1.076-03 3.277-05 ~.92U-'l3 3.&38-05 5.065-03 
,. 

1.300+f)7 4.960-03 3.203+00 ".426-02 1.299+01 1.182-01 1.641+01 10570-06 1.014-03 2.91'4-0S 4.113-)3 3.742-05 5.196-03 
... 

1.400+07 4.277-03 3.030+00 8.651-02 1.356+01 1.274-01 1.681+01 1.354-06 9.593-04 2.739-05 4.2'>3-13 4.034-05 5.32?-03 ,. 
1.500+07 3.726-03 2.877+r.0 7.993-02 10409+01 1.360-01 1.719+!!1 10180-06 9.109-04 2.531-05 4.461--)3 4.306-05 5.442-03 -I 

1.600+07 3.27 5-0 3 2.740+00 7.426-02 10458+01 1.442-01 1.754+01 1.0:H-06 e.675-!!4 2.351-05 4.616-n 4.S66-05 5.554-03 0 
1.80~.07 2.588-03 2.504+~0 6.502-02 10548+01 1.594-!)1 1.821+01 8.194-07 7.928-04 20059-05 4.901--]3 5.041-05 5.766-03 ~ 
2.000+07 2.096-03 2 .30e; +00 5.781-02 10627+01 1.731-01 1.8f,1+01 6.636-07 7.311-04 1.830-05 5.151-,)3 5.481-05 5.956-03 n 
2.200+07 1.732-03 2.145+:)0 5.203-02 1.699+01 1.857-01 1.937+01 5.484-07 6.791~04 1.647-05 5.379-)3 5.880-05 6.134-03 
2.400+07 1.456-03 2.004+00 4.729-02 1.765+01 1.<'172-01 1.990+01 40610-07 6.345-04 1.497-05 5.588 -.)3 6.244-~5 6.301-03 n 
2 .600+~7 1.240-03 1.882+0(l 4.334-02 10825+01 2.078-01 2.038+01 3.926-07 5.959-U4 1.372-05 5.178-)3 6.579-05 6.454-03 ::G 

0 2.800+07 1.069-03 1.776+00 3.999-02 1.880+01 2.176-01 2.083+01 3.385-07 5.623-04 1.26(,-OS 5.952-)3 6.890-05 t .597-03 III 
3.000+07 9.316-04 1.681+00 3.713-02 10931+01 2.261-01 2.126+01 2.950-07 5.322-04 1.176-05 6.114.,.)3 7.178-05 6.730-03 CIt 

4. NIO+07 5.240-04 1.336+00 2.732-02 2.139+01 2.641-01 2.302+01 1.659-07 4.230-04 £.650-06 6.772-H 8.362-05 7.28P.-03 CIt 
S .GOr'07 3.354-04 1.115+00 ?160-02 2.292+01 2.922-01 2.435+01 10062-07 3.530-04 6.839-06 7.257-)3 9.252-05 7.709-03 m 
6.000+07 2.329-04 9.609-01 1.786-02 2.412+01 3.1&4-01 2.S41+01 7.374-08 3.042-04 5.655-06 7.637-B 9.954-05 8.046-03 n 
8.0 O~+O7 1.310-04 7.578-01 1.326-02 2.58f+01 3.474-01 2.700+ul 4.148-08 2.399-04 4.198-06 8.194-n 10100-04 8.548-03 -I 

100(lO+0!l 8.384-05 6.290-01 1.055-0;> 2.711+01 3.713-01 2.812+01 2.655-08 1.992-04 3.340-06 8.583-]3 1.176-04 S .904-03 0 
!-

1.500+08 3.726-05 4' .479-01 6.975-03 2.907+01 4.H2-01 2.994+01 1. HV-OB 1.418-04 2.208-06 9.204-B 1.299-04 9.478-03 Z 
?O(lO+08 2.096-05 3.512-01 5.210-03 3.022+01 6.344-01 3.161.01 6.636-"9 1.112-04 1.650-06 9.S68-n 1.375-04 9 .819~03 VI 

.... 3.0QO+08 9.316-06 2.489-01 3.460-t3 3.157+01 4 .636-(j 1 3.229+01 2.950-09 7.881-05 1.095 -06 9.996-]3 1.468-04 1.0n-02 -n :r 
~ 4.000+0R 5 .?4 0-06 1.950-01 2.589-03 3.234+01 40809-01 1.302+01

0 

1.659-09 6 .174-05 8.197-07 1.024-)2 1.523-04 1.045-02 0 
5.000+01' 3.354-06 1.614-01 2.069-03 3.284+01 4.921-01 3.350+01 1.062-09 5.110-05 6.551-07 1.040-~2 1.560-04 1.061-02 ;11:1 

n 6 .~rD.08 2.329-06 1.382-01 1.723-03 3.320+01 5.013-01 3.384+01 7.374-10 4.376-05 5.455-07 h051-12 1.587-04 1.071-02 -a :r .. a.0IJD+09 1.310-06 1.079-01 1.291-03 3.368+01 5.131-01 3.430+01 4.148-H 3.416-G5 4.088-07 10066-12 1.625-04 1.086-02 % 
11 1.000+09 8.384-07 8.879-02 1.032-03 3.399+01 5.210-01 3.460+01 2.655-10 2.811-05 3.267-07 1.076-~2 10650-04 1.096-02 0 ... 10 5 01+ 09 3.726-07 6.2Gl-02 6.874-04 3.443+()1 5.326-01 ~.503+01 10 180-1 0 1.963-'05 2.176-C7 1.090-)2 1.686-04 1.109-02 -I 

~ 2.(100+09 2.096-07 4.799-02 5.154-04 3.467+01 5.391-01 3.526+01 6.636-11 1.519-05 1.632-07 1.098-1;> 1.707-04 10116-0?. 0 
3.000+09 9.316-08 3.337-(;2 3.434-04 3.494+01 5.462-01 3.~52+C1 2.950-11 1.057-05 1.087-07 10 106-02 10 729-04 1.125-02 Z 

0 4.000+09 5.240-08 2.576-02 2.575-04 3.508+01 5.505-01 3.566+01 1.659-11 8.156-06 8.153-08 1.111-)2 1.743-04 1.129-02 CIt 
D 

12 5.000+09 3.354-08 2.106-02 2.IJ6 IJ-04 3.517+01 5.530-01 3.S74+01 10062-11 6.668-06 6.522-08 1.114-02 1.751-04 1.132-02 

< 
6.000+09 ·2.329-08 1.7l!6-02 1.716-04 3.523+01 5.548-01 3.580+01 7.374-12 5.655-06 5.433-08 1.115-02 10757-04 1.134-02 

0 11.060+09 1.310-08 1.376-02 1.287-04 3.5~1+01 5.572-01 3.588+01 4.148-12 4.357-06 40075-01i 10 118-J2 10 764-04 1.136-02 
:- 1.00l+10 8.384-09 1.123-02 1.030-04 3.536+01 5.51\7-01 3.593+01 2.655-12 3.556-06 3.261-C8 1.120-)2 1.769-~4 1.n8-02 

~ 1.S00+10 3.726-C9 7.763-03 6.864-05 3.543+01 5.607-01 3.600+01 ,·.180-12 2.458-06 2.173-08 101 ?2-~2 1.775-04 1.140-02 

Z 
•• OOO+1€) 2.096-09 5.968-03 5.148-05 3.547+01 5.619-01 3.604+01 6.636-13 1.~90-06 1.630-C8 1.123-02 1.779-04 1.141-02 

!' 3.000+10 9.316-10 4.116-03 3.432-05 3.551 +C1 5.630-01 3.6{)8+01 2.950-13 1.303-()6 10 087-08 10124-02 ,. 783-04 1.142-02 
4.000+10 5.240-10 30160-03 2.574-05 3.553+01 5.638-01 3.610+01 10659-13 1.001-06 8.150-C9 1.125-)2 1.785-r4 1.143-02 

!" 5.00)+10 3.354-10 2.573-03 2.059-05 3.554+01 5.642-01 3.611+01 1.062-13 9.147-07 6.5·19-09 1.125-J<! 1.786-04 1.143-02 

:0 
6.(0)+10 2.329-10 2.175-03 1.716-(15 3.555+01 5.6&5-01 3.612+01 i .374-14 6.886-07 5.433-09 1.126-02 1.787-04 1.144-02 

CD 
8.00)+10 1.310-10 1.668-03 1.287-05 3.556+01 5.648-01 3.613+01 4.148-14 5.281-(17 4.075 -09 1.H6-J2 1.788-04 1.144-02 -0 1.(0)+11 8.384-11 1.357-03 1.029-05 3.557+C1 5.650-01 3.614+01 2.655-14 4.296-07 3.258-09 10126-)2 1.789-04 1.144-02 00 



!- TABLE 6. Cross sections and mallS attenllat.ion coefficients {or the individu!ll and tob1 photon atom interaction pro'~esses, 1 MeV to 100 GeV 
." Z=1 to 100-Continued ..: 
". 0 

~ 
n 77, YR, tRyO lUM HC'?lYC Ill. ~ 192.22 IISO/K(; .00031329 BARNS/ATO" ~UlTtPLY M~O'KG BY 10 FOR ("SO/G 
". .. 

PA IR P!?ODUrr rOf! P.IR PRODUCTION 
~ SCATTER IN(, SC AT ~ E R I JiG 

'" PHOTON PIlOTO- NlClOR ElECTfiON TOTAL PIlOT (l~ NuCLEA~ ElECTRON TOTAL 
;\ E'IERGY ~Of.lERENT INCOHER. El,CTRIC FIE lP FIE LO COHERENT I "CO HER • £lECTRT: FIno FIELD 

c 
Q EV BIA TOM B/.TOII Sf AT('M ~/AtOI'l .a IA TOO! BIATOM !!SO/KG MSO IKG !!SO/KG HSO/K~ HSO/KG HSO/KG 
.~ 
< 1.000H)6 8.S12~01 1.615+01 4.086+0(- c.r-oc 0.000 2.169+01 2.66 7-04 ~ .060-03 1.468-0> o .OOP o.oOG 6.794-03 

~ 1.022+06 8.156-01 1.598+01 &.485+0(1 O.~OO 0.000 2.128+01 2.555-04 5 .OO6-C:! 1.405-0! 0.000 0.000 6.667-03 
1.250+06 5.489-01 1.447+01 3.~2S·OO 1.1198-~ 1 0.0 flO 1081S+01 "720-04 4.533-03 9.477-0, ,.440-05 0.000 5.687~O3 

:!' 1.500+ r,6 .30829-01 1.317+01 20156+ 00 5.171~Ol 0.00 J 1.623+01 1.200-04 4.126-()3 6.755-0. 1.620-C4 0.000 5.08~-03 

Z <1.1100-06 2.1!lS-01 10126+01 1.IOS+OC 1.587+00 0.000 10437+ 01 6.783-05 3.528-03 4.0B8-0' 4.972- 04 0.006 4.501-03 
!' 2.044+06 <1.073-01 1.112.01 1.158.00 1.682+00 0.000 1.427+01 6.494-05 3.484-03 3.941-0. 5.270-04 0.000 4.470-03 

~ 
3.000+06 9.660~0? 8.R';6+00 6.134-01 3.561+0(1 3.098~03 1.321+01 3.026-05 2.778-63 2.141-0~ 1.116-03 9.706-07 4.139-03 - 4.00~+06 5.442-02 70399+00 4 •• 82-01 5.IB 4 +0 0 1.263-02 10310+01 1.705 -0 5 2.318-03 10404-0.\ 1.b24-03 3.957-06 4.104-03 

:<: 5.000+116 3.485-02 6.392+00 3.?89-01 6.542+00 2.512-02 ·1.332+01 100'12-05 2.003-03 1.0311-IH c.05C-03 7.870-06 4 .174~03 .. 6.00n_06 ?421-02 5.650+0V 7.>RG~Ol 7.711+00 3.851-02 10368+01 7.565-06 1.770-03 8.083~0) 2.416-03 1.21l6~05 4.286-03 
0 7.000+06 1.779-02 5.079+00 2.115-01 2.741+00 S.lP2-02 1.410+01 5.573~O6 1.591-03 6.626-0, 2.738-03 1.623-05 4.418-03 

8.000+06 1.363-02 4.623+00 1.188-01 Q .668+ 00 6.469-02 10455+01 4.27 0-06 1 .448-1J 3 S.602-0; 3.029-03 2.027~05 4.558-03 ~ 
9.000+06 1.077-02 4.250+00 1.;46~Ol 1.0S1+01 7.698-02 1.500+01 3d74-06 1.331-03 4.843-0; 3.293-0::r 2.412-05 4.700-03 c: 
1.000+07 8.722-03 3.938+00 1.~60~01 1.129+01 8.863-02 1.546+01 2.733-~6 1.234-03 4.261-1)5 3.537-03 2.777-D5 4.~44-03 0:1 
1.160+07 7.209-03 3.673+00 1.114-01 1.200+01 9.'164-02 1.590+01 2.259-06 1.151~03 3.P03-!l; 3.7~9-03 3.1n-~5 4.9R2-03 0:1 

m 
1.200+07 t .05~-03 3.445+00 1.195-01 1.267+01 1.100-01 1.634+01 1.898-06 1.079-03 3.431-05 3.969-g3 3.446'-05 S .11Q-03 .-
1o:"QO+07 5.162-03 3.245+00 9.97~-C2 1.329+/11 1.198~01 1.676+01 1.617-06 1.",7-03 3.125-0; 4.164-03 3.753~05 5.25 1-03 !"" 
1.400+07 4.451-03 3.070+00 9.155-02 1.3~7+01 1.290-01 1.717+01 1.394-06 9.61B~04 2.~68-0S 4.345-03 4.041-05 5.378-03 
1.500+07 3.877-03 2.915+00 8 •• 58-02 1.442+01 1.378-01 1.756+01 1.215-06 9.132-04 2.650-05 4.518-0:< 4.317-05 5.5 0 2-03 ~ 

1.600+07 3.408-03 2.776+00 7.358-0, 1.492+01 1.461-01 1.792+01 1.068~06 8.{'97-04 2.462-0, 4.674-03 4.577-05 5.615-03 ~ 
1.800+07 2.693-03 2.537+00 f..B80-0? 1.584+01 1.614-01 loe61 +01 8.437~O7 7.948-04 2.155~0\ 4.963-03 5.056-05 5.830-03 ~ 2.1)00+07 2.181-03 2.340+00 6.f16-02 1.665+01 1.753~01 1.923+01 6.833 -07 7.331~1j4 1.916-0; 5.216-03 5.492-05 6.024-03 
2.200+07 10803-03 2.173+00 5.S04-112 1.739+ 01 1.880-01 10981+01 5.649-07 6.808-04 1.724-05 5.448-03 5.890~05 6.206-03 

}> 
2.400+07 1.515-03 2.031+00 5.,)03-02 1.806+01 1.997-01 2.034+01 4.746-07 6.363-04 1.S67-0; 5.651'-03 6.256-05 6.373-03 
2.600+07 1.291-03 1.907+00 4.,85-02 1.868+01 2.104-01 2.084 + 01 4.045-07 5.974-04 1.436-05 5.652-03 6.592-05 6.530~03 Z 
?I'OO+07 1.113-03 1.199+00 4.131-02 1.924+01 2.203-01 2.130+01 3.487~07 5.636-04 1.326-0, 6.028-03 6.902-05 6.t 7/,-03 C 

3.000+07 9.694-04 1.703+00 3.927-02 1.976+01 2.295-01 2.173+01 3.037-07 5.335-04 1.23D-OS t'.191~03 7.190-05 6.009~O3 $ 
&.000+07 5.453-04 1.354+00 2.189-02 2.18[;+01 2.674-01 2.353+01 1.708-~7 4,242-04 9.051-06 6.8 5~-O3 8.377-05 7.372-03 < 
5.000+07 3.490-04 1.130+00 2.184-02 2.346+01 ? .958~0 1 2.491+01 1.093-07 3.540-{)4 7.156-0" 7.3S0-0~ <1.267-05 7.804-03 m 
6.00(1+07 •• 424-04 90735-01 1.31\9-02 2,46e.Ol 3.182-01 2.599+01 7.594-0R 3.050-04 5.918-0. 7.732-03 9.969-05 P. .143-03 ::III 

8.000+07 1.363-04 7.~7&-01 1 •• 03-02 2.647+01 3.516-01 2.760+01 4.270-08 2.405-04 4.395-0'; 8.293-C3 1.102-04 8.1.48-03 0:1 

loVCO+OR 11.725-05 60373-01 1.f15-02 2.774+el 3.757-01 2.876+01 2.733-08 1.997~O4 3.493-0. 8.6'?1~03 1.177~04 9.012-03 
-& 

10500+nS 3.878-05 4.538-01 7.H6-03 2.974+01 4.151-01 ~.062+01 1.215-08 1.422-04 2.311-0. 9.317-03 1.30G-04 9.59?-03 
2.COO+08 2.181-05 3.55[,-01 5.,09-03 3.0<;2+01 4.395-01 ~.172+01 6.833-09 10115-04 1.726~Ob 9.687~O3 1.377-04 9.938-03 
3.000+08 t;.694-06 2.522-01 3.658-03 3.?30+01 4.690-01 30302+01 3.037-09 7.901-05 1.146~06 1.012-02 1.469-04 1.035-02 
4.000+08 ~.453-06 1.975-01 2.738-03 3.30~+01 4.865-01 ~0377+01 1.708-09 6.187-05 8.578-07 1.036~O2 10524-04 1.058-02 
5.000>08 3.490~06 1.635~01 2.f8B-O~ 3.35<;>+01 4 .9E4~01 3.425>01 1.093-09 5.12;>-05 (uE55-07 10057-02 1.561-~4 1 .07~-02 
6.000+08 2.424-06 1.400-01 1 •• 22-03 3.396+01 ... D71-01 :.461+01 7.594-10 4.3R6-05 5.70B-07 1.064-02 1.589-04 1.0F4-07 
~.OOO+O!\ 1.363-06 1.093-~1 1.365~()= 3.445+01 5.190-01 :.508+01 4.270-10 3.1.24-0 S 4.276-07 ,.07O~O2 1.1120-04 1.099-02 
1.000+09 E .725-07 0.995-02 1.,)91-03 3.477+01 5.269-01 :.539+01 2.733-10 2.818-05 3.418-0 7 1.0B9~02 1.651-04 1.10~~O2 

10500+09 3.878-07 6.282-02 7.?66-04 3.522+01 5.386-01 3.582+01 1.215-10 1.9t8~05 2.277-0 7 1.103-02 10687-04 1.122-02 
2.0CO+09 2.1f-l-07 4.862-02 5.a9~04 3.547+01 5.452-01 3.606+01 6.833-11 1.523-05 "707-P7 1.1 ~1-02 10708-04 1.130-02 
3. ~00+0'l 9.694-08 3.381-02 3 •• 31-04 3.574+01 50524-01 3.633+01 3.037-11 1.05'1-05 1.138-0' 1.120-02 10731-04 1.138~02 

4,0~0+09 5.453-08 2.610-02 2. 723-04 3.568+Cl 5.566-01 3.646+01 1.708-11 8.177-06 8.531-03 10124-02 1.744-n4 1.14?-02 
5.000+09 3.490~O8 2.134-02 2.178~O4 3.597>01 5.592-01 3.655+01 10093-11 6.686-06 6.823-0~ 1.127~02 10 752-04 1.145-02 
6.000+09 2.424-08 1.809-02 10315-04 3.604+ 01 5.6 f 0 -0 1 3.662+01 7.594-12 5.667-06. 5.686-03 1.179-02 1.758-04 1.147-02 
8.000+09 1.363-08 1.394-02 1.161-04 3.612+01 5.634-01 ~.b70+01 4.270-12 4.367~06 4.26A-08 10132-02 1.765-04 1.150-0? 
1.000+10 8.72 5-09 1.138-02 1.~l\9-04 3.617+01 5.649-01 3.675 .. 01 2.733-12 3.565-06 3.412-08 1.133-02 1.770-04 1.151-02 
1.500+10 3.878-09 7.865-03 7.~5B-05 3.624+01 5.669-01 3.681+01 1.215-12 2.464-06 2.274-08 1.135-02 1.776-04 1.153-02 
7.'00+10 2.181-09 6.047-03 5 •• 0-05 3.628+01 5.682-01 ~.6!lS+01 6.833-13 1.894-06 1.705-0ll 1.1:n-02 1.760~0£ 1.155-02 
3.CnO+l0 9.694-10 4.170-03 3.028-05 3.632 + 0 1 5.693-01 3.689+lil 3.037-13 10 306-06 1.137-0~ 1.138-02 1.784-04 1.156~02 

l"rOO+l0 5.453-H 3.202-03 7..721-05 3.634+01 5.700-01 ~.691+01 1.708-13 1 .003~O6 8.525~O9 1.138-02 1.786~04 1.156-02 
5.000+10 3.'90-10 2.607-03 2.177-C5 3.636+01 5.705-01 3.693+01 1.093 -13 8.167-07 6.820~09 1.179-02 1.787-04 1.157-02 
6.000+10 2.424-10 2.204-03 1.314-05 3.637+01 5.707-01 ~.694+01 7.594-14 6.905-07 5.683-0? 1.139-Q7 1. 788-04 1.157-02 
11.000·10 1.363-10 1.690-D3 1.~61-05 3.638+01 5.710-01 ~.695+01 4.270-U 5.295-07 4.264~O~ 1.140-02 1.789-04 1.158-02 
1.000+11 8.725-11 10375-03 1.H38-05 3.636+01 S.713~01 3.695+01 2. 733~14 4.308-07 3.409~OY 1.140-07. 1.7'>0-04 1.15R-02 



TABLE 6. Cross sections and mllSS attenu&tion coefficients for the individual and t<Jtal photon atom interaction processes, 1 MeV to J 00 GeV, 
Z = 1 to lOO-Contim;ed 

78, PT. PLATINUM ATOHIC VT. = lq~.08 HS!liKG .00130870 BARNS/ATOH HUlTIFLY MSO/KG PY 10 FOR C~SO/G 

PA III PRODUCTION PHR PRODUCTION 
SCATTERI'IG SCATTER ING 

"HeHlII PHOTO- NUClEAR ELEcnON TOTAL. P~OTO- N~CI.(AR ELECTRoN ToTAL 
EIIER!;Y COHERENT INCOHER. ELECTRIC fiELD fIEI.~ COHERENT I!lCOIfER. H,CTRI C FIElD FIELD 

EV RIA TIll' eIA TO~ RIA TO~ BIATOH Il/ATO" BIATOM 'lSI/KG "SIl/KG "!ill/KG ~SQ/KG "SO/KG "SO/KG 
"0 

1.rOO+06 ~.849-01 1.636+~1 40967+~O 0.000 0.000 2.221+01 2.7l2-04 5.050-03 1.;33-03 0.000 0.000 6.857-03 > 
1.022+06 8.479-01 10619_01 4.754+DO 0.000 0.000 Z.179+01 2.617-04 1 .. 998-03 1.168-03 0.000 0.000 6.727-03 ;; 
1.2'50+06 5.708-01 1.466H1 3.201+DO 1.137-111 0.000 1.855+01 1.1OZ-04 4.525-03 9.~00-04 3.510-05 o.oeo 5.727-03 ~ 

1.5CO+06 3.982-01 10334+fl 2.28S+Dtl 5.368-01 0.000 1.656+01 1.219-1)4 4.118-0:$ 7.D5£-04 ,.657-04 0.000 5.112'"03 -4 
2.00(1+06 2.252:"01 1.140+Cl 1.383+00 10641+00 c.oco 1.465+01 6.91Z-CS 3.519-03 4.269-04 5.066-04 0.000 4.52Z-03 ~ 

2.044+06 2.156-01 1.126+(1 1.333+~1l 1.740+00 0.000 1.455+01 6.6,5-05 3.476-01 4.115-04 5.371-04 0.000 4.491-03 :; 
3.000>06 1.005-01 8.9A1+GO 1.240-&1 3.666+0() 3.138-03 10341+01 3.HZ-OS 2.772-0 " 2.Z35-04 1.13;>-03 9.687-07 4.160-03 r-

m 
4.000+01' 5.662-02 7.495+M ,&.746-Gl 5.322+00 1.279-02 1.336+01 1.7.8-05 2.314-03 "~65-04 1.643-63 3.948-06 4.124-03 .:-' 
5.000+06 3.626-02 6.475+00 3.482-Dl (:.749+00 Z .5U -02 1.359+01 1.119-1)5 1.999-1)3 1.D75-04 2.071-03 7.8 5:!,-~6 4.196-03 
6.000+06 2.519-02 5.724+00 2.731-Dl 1.902+00 3.900-02 10396+01 7.n6-06 ,.767-03 8.BO-OS 2.439-03 10204-05 4.310-03 • 
1.000+06 10851-02 5.145+00 2.238-01 8.953+00 5.248-02 1.439+01 5.714-06 1.588-03 6 .~09-~ 5 2.764-03 1.620-05 4.~43-03 Z 
8.~OO+06 1.418-02 4.683+00 1.891-Dl 9.899+00 6.551-02 1.485+01 4.371-06 1.446-03 5.n7-05 3.056-0 ~ 2.022-05 4.S84-03 C 

9.000+06 1.120-02 4.305+00 1.63'5-)1 10076+01 7.796-02 1.532+01 3.4>7-06 1.329-03 5.~47-05 3.322-03 2.407-05 4.72'1-03 -4 
1.000+01 9.075-03 3.989+00 1.439-" 1.155+01 8.976-0Z 1.578+01 2.8t1-06 1.231-03 4 .~42-f)5 3.565-03 2.771-05 4.872-U3 0 
1.1()O+O7 7.~on-03 3.721 +00 1.284-Dl 1.228+01 1.0D9-01 1.624+01 2.315-06 1.149-03 :3 .M4-05 ;<:.791-03 3.115-05 5.013-03 -4 

1.200+01 6.303-03 3.489+00 1.158-)1 1..296+01 10114-01 1.668+01 1.11.6-06 10077-03 3.;75-05 4.001 -0" 3.439-05 5.150-03 > 
1.300-07 5.371-03 3.2"7+0C 1.055-11 1.36~+O1 1.213-01 1.112+01 1.651.-06 1.015-03 3.~57-05 4.19!1-U3 3.744-05 5.285-03 r-

1.1.00+C7 4.631-03 3.110+00 9.682-J2 1.420+01 1.306-01 1.754+01 1.430-06 9.600-04 2 .~89-05 4.383·-03 1 .. 032-05 5.415-03 > 
1.500_01 4.034-03 2.953 +00 8.944-,.- 1.475+~1 1.395-01 1.794+01 10 2. 5-06 9.116-04 2.761-05 4.553-0~ 4.306-05 5.537-03 -4 

1.600+C7 3.546-03 2.1I1Z+00 1\.309-')2 1.521+01 1.419-01 1.832+01 1.095-06 13 .681-0 4 2.565-115 4.714-03 4.566-P5 5.654-03 0 
1.800+07 2.802-03 2.570+00 7.274-)2 1.620+01 1.634-01 1."01+01 l> .f-,0-07 7.9~3-04 2.145-05 5.001-0'1 5.044-05 5.868-03 ~ 
7.000+07 2.269-03 2.370+00 6.467-')2 1.703+01 10775-01 1.964+01 7.P.04-g7 7.316-04 1.Q96-05 5.257-03 5.479-05 6.064-03 n 
Z.200+07 10875-03 2.20T+OC 5.819-,12 10779+01 1.904-01 2.024+01 5.188-07 6.794-04 1.796-05 5.492-03 5.878-05 6.Z&8-03 
2.400+07 1.576-03 2.057+00 5.289-'12 1.848+01 2.022-01 2.079+01 4 08'5-~7 6.35(1-04 1 •• 33-05 5.705-0~ 6.242-05 6.41Q-O? n 
2.600+07 1.343-0~ 1.932+00 4 .841-~2 1.910+01 2.130-01 2.129+01 4.H6-C7 5.964-04 1.196-05 S.896-0~ 6.575-05 6.574-03 ~ 

2.800+07 1.158-03 1.822+flO 4.472-~2 1.968+01 2.230-01 2.177+01 3.5'5-07 5.624-04 1.~80-05 6.075-03 6.884-~5 6.721-03 0 
tit 

3.000+07 1.009-03 1.726+00 4.151-.2 2.021+01· 2.323-0·1 2.221+01 3.115-07 . 5.328-04 1.~81-05 6.239-03 7.171-05 '·6.856-03 tit 

4.000+07 5.674-04 1.371 +00 3.054-12 2.238+01 2.706-01 2.405+01 1.752-01 4.232-04 9 •• 28-06 6.9V9-03 8.353-05 7.425-03 ,tit 
5.000+07 3.631-0& 1.145+00 2.414-~2 2.399+01 2.994-01 2.546+01 1.1Z1-07 3.53S-01. 7 .~52-06 7.406-03 9.242-P5 7.85Q-03 m 
6.000·07 2.522-04 9.862-01 1.996-.2 2.524+01 3.221-01 2.657+01 107&5-08 3.044-114 6.162-06 7.791-03 9.943-P5 8.20Z-03 n 
8 .OG~+07 1.418-04 7.778-01 1.41'2-07. 2.701\+01 3.559-01 2.823+01 4.377-08 2.401-04 4 .S 75-06 80359-03 1.099-04 8.714-03 = 1.000+08 9.078-05 6.455-01 1.179-02 2.837+01 3.802-01 2.94hOl 2.802-08 1.993-04 3064{)-06 B .758-03 10174-04 9.078-03 0 

... 1.500+08 4.035-05 4.597-01 7.794-03 3.041+01 4.200-01 3.13~+O1 1.2.6-08 10419-04 2.106-06 9.387-1/3 1.297-04 9.661-03 Z 
2.0~0+08 2.26'1-05 3.605-01 5.822-0 3.16Z+01 4.446-01 3.243+01 7.0U-09 1.113-04 1.797-06 9.761-03 1.372-04 1.onl-Q2 tit 

... 3.rOO+(l8 1.009-05 2.555-01 3.865-03 3.303+01 4.743-01 3.376+01 3.115-09 7.887-05 1.193-06 1.020-02 1.4H-~4 1.042-02 Oft 
:r-

4.0041+08 5.674-06 7. .001-01 2.893-03 3.383+01 4.919-01 3.452+01 107S2-09 6.177-05 8.131-01 1.044-02 10518-04 1.066-02 0 
~ 5.000+0~, 3.631-06 1.656-01 2.312-03 3.436+01 5.038-01 3.503+01 10111-09 5.112-05 7.137-07 1.061-02 1.555-04 1.0111-02 ~ 

n ~.OCO+08 Z .522-06 1.418-01 1.925-03 3.473+01 5.125-01 3.$39+01 7.n5-10 4.371-05 5 .~42-01 1.072-02 1.58Z-04 1.092-02 "0 
:r-
IO 8.000+08 10418-06 1.108-01 1.442-~3 3.523+01 S.244-01 ~.51'>7+01 4.317-10 3.420-0S 4. L51-0 7 1.088-02 10619-04 1.101-02 :::t: 
iI 1.000+09 9.078-07 9.112-02 10153-03 3.555<:01 5.322-01 3.617+01 2.812~10 2.813-05 3.559-07 1.091-02 1.643-04 1.117-02 0 
... 1.500_09 4.0!5-07 6.364-02 7.680-t4 3.602+01 5.438-01 3.663+01 1.246-10 1.965-05 2.nl-07 1.11Z-02 10679-04 1.131-0Z -4 

~ 2.000+09 2.269-07 4.925-02 5.758-01. 3.6;>7+01 5.504-01 3.687+01 1.014-11 1.520-05 10717-07 1.120-02 1.699-04 1.138-02 0 
3.000+09 1.009-07 3.425-02 3.837-04 3.655+01 5.575-01 3.714+01 3.115-11 10057-05 1.184-07 1.128-02 1.721-04 1.147-02 Z 

c I. .000+09 5.674-08 2.643-02 2.877-14 3.669+01 5.617-01 3.728+01 Ion2-11 8.159-06 8.a81-08· 1.133-02 1.734-04 10151-02 tit 

0 

~ 5.000+09 3.631-08 2.161-0~ 2.301-tI. 3.679+Cl 5.642-01 3.73S+P1 1.121-11 6.671-06 7.103-08 1.136-02 1.742-04 1.154-02 
6.00n+09 ;.>.522-08 1.833-02 1.918-14 3.685+01 ;'660-01 3.743+01 7.715-12 5.658-06 5.921-08 1.138-02 10747-04 1.156-02 

< 11.000+09 10418-08 1.412-02 1.438-04 3.69£+01 5.683-01 30752+01 4.3'7-12 4.359-06 4.439-08 1.140-112 10 754-04 1.158-02 

It- 1.000+10 9.078-09 1.153-02 1.150-H 3.699+01 5.6911-01 3.757+01 2.802-12 3.559-06 3.,50-01> 1.142-0? 1.759-0 /• 1.160-02 

-0 1.500+10 4.035-09 7.961-03 7 .669-05 3.706+01 5.718-01 3.764+01 1.2.6-12 2.459-06 Z .~61-08 1.141.-02 Ie 765-04 1.162-02 . 2.000+10 2.269-09 6.125-03 5.751-05 3.710+01 5.730-01 3.768+01 7.Ct4-13 1.891-06 10775-08 1.14'5-02 1.769-04 1.163-02 
Z 3.000+10 1.009-09 4.224-03 3.834-15 !.715+01 5.741-01 3.173+01 3.115-13 1.304-06 1.184-08 1.147-02 1.772-04 1.165-02 
!J 4.000+10 5.674-10 3.243-03 2.875-05 3.717+01 5.748-01 3.775+01 1.712-13 1.001-06 B.a7S-09 1.147-02 1.774-04 1.165-02 

:- 5.000+1() 30631-10 2.641-03 2.300-05 3.718+01 5.753-01 3.776+01 1.121-13 1l.153-07. 7.100-0" , 014B-02 1.776-04 10 166-02 
6.000+10 2.522-10 2.23Z-0J 1.917-.5 3.719+01 5.755-01 3.777+01 7.715-14 6.890-07 5.~1!l~09 1.14~-02 1.777-04 1.166-02 -:; 8.000.' 0 1.418-10 10712-03 1.438-.5 3.720+01 5.758-01 3.778+01 4.371-14 5.285-07 4.139-09 1.1&8-02 1.777-C4 1.166-02 ~ 

CD 1.000+11 9.078-11 1.393-03 10150-'5 3.721+01 5.161-01 3.779+01 2.8.2-14 4.300-1)7 3.;50-09 1.149-0? 10778-04 1.166-02 
0 -



TAELE 6. Cross sections and mass attenllatio;J. coefficients for the individual and total photon atom interattion processes, 1 MeV to 100 GeV --... Z = 1 to lOo-Continued ' 10.) 
:r 10.) 

~ 
n 79, ~U. GOLD ATOHIC IT •• 196.9665 "'SO/KG .OtG3057& BARNS/ATOM MULTIPLY MSQ/KG ~Y 10 FOR CHSO/G :r .. 
~ P_TR PRODUCTION PArR PRODUCTION 

'" SCATTERING SCATTER ING 

~ PHD TON PflOTO- NUCLOR ELECTRON TOTAL PHOTO- NUCUAR ELECTR(lN TOTAL 
E PE ~Gv COHERENT II/COllER. ElECTRIC FIELD FIELD COHERE"T INCOHER. ELECTRTC F I ELr FIELD 

c 

~~ EV AlHOM BIAlOM B/ATOH S/ATOH BUTOH BIATOH ttSO/KG HSOnG HSO/KG HSD'KG "SO/Ke MSD/KG 

< 1.tOO-06 9.195-01 10656*01 5.261+00 O.OGO 0.000 2.274+01 2.811-04 5.063-03 1.608-03 O.OO~ 0.000 6 .9S "-03 
0 ,... 1.122*06 p .Fll-01 1.639*01 5.035+00 O.~Ofl O.OCO 2.231+01 2.694 -04 5.011-63 1.539-03 0.00' O.{lOO 6.8<0-03 

.-0 1.l5e-C6 5.932-01 1.484+01 3.396+00 1.176-01 0.000 1.e95+Cl 1.~14-i)4 4.537-03 1.r38~03 3.59;-05 0.000 5.793-03 
1.~00+O6 4.139-01 "351+01 2.420+GO 5.571-01 0.000 1.690+01 1.265-04 4.131-03 7.399-04 1.703-04 0.000 5.11,7-03 

Z 2"00+06 2.341-01 1.155+01 1.464+00 1069&+00 0.000 1.495+01 7.157-05 3.531-03 4.476-04 5.191-04 0.000 4.570-03 
0 

2.t44+06 2.242-01 10140+01 1.412+00 1.79<)_O~ 0.000 1.484+01 6.B5S--{)S 3·485-03 4.317-04 5.50)-04 0.000 4.536-03 

."" 3 •• 00+06 1.0&5-01 9.096+00 7.663~OI 3.772+00 3.17~-03 1.374+01 3.195-{)5 2.781-0! 2.343-04 1.153-0:>1 9.716-07 &.201-03 

:;; 4.~or+r.6 5.837-02 7.591+00 5.022-01 5.462+00 1.295-02 1.363+01 1.800-05 2.321-03 1.535-~4 1.67:-03 3.959-06 4.166-03 
S.~O~+06 3.771-02 6.55d+ilO 3.683-01 6.876+00 2.576-02 1031'7+01 1.153-05 2 .O05~O3 1.126-04 Z.10?-03 7.876-06 4.239-03 

'" 6.~OO+O6 2.620-02 5.797+00 2.888-01 8.094+00 3.<)49-02 1.&25.~1 8.010-06 1.172-03 8.1'30-05 2.1.71-03 1.207-05 4.355-03 0 
7.GOn_0/, 1.9?S-02 5.211+00 ;: 0366-01 9.167+00 S.315-0<! 1.469+01 5.885-06 1 8593-03 7.234-05 2.8G3-il3 1.625-05 4.490-03 
~.HO+06 1.474-02 4.7/03+00 2.000-01 1.C13+01 6.634-02 10515+01 4.507-06 1.450-03 6.115-05 ~.O97-03 2.028-05 4.633-03 % 
9.100+06 1.165-02 40360+00 1.729-01 I.Hll+ul 7.894-02 1.563+01 3.562-06 1.333-03 5.2f6-0S 30365-0 ~ 2.414-05 4.7110-03 c: 
1.'lOll+07 9.437-03 4.040+0(1 1.521-Cl 1.1112+01 9.01'<9-02 1.611+01 2.885-06 1.235-03' 4.650-05 3.61~-O3 2.779-05 4.926-03 IJI 
1.100+(l7 7.800-03 3.768+00 1.357-01 1.2'56+01 1.022-01 10657-01 2.385-06 1.152-~3 4 .14S-~5 3.84"-03 3.125-05 5.067-03 a:I 
1.?OC_C7 !>.555-03 3.504+00 1.224-01 1.326+Gl 1.128-01 1.71)4+01 2.00&-06 1.080-0~ 3.142-05 4.05.-03 3.449-05 5. 2~9-C)3 m ,... 
1.~nO+07 S.585-03 3.329+00 1.115-01 1.391+01 10228-01 1.748+01 1.708-06 1.013-03 3.4C~-05 4.255-0~ 3.754-05 5.3&4-03 !"" 
1.~OO+07 4.816-03 3.150+00 1.02~-Ql 1.452+Cl 1.323-01 1.791+0' 1.472 -06 Q.631-04 3.12~-OS ~ .43'1-03 4.045-05 5.476-03 
1.;~Q+()7 A .195-03 2.991+00 9,451-0? 1.5~8+01 1.412-01 1.831-0' 1.283~06 9.145-04 2.8'0'(-05 1..611-03 4.317-05 5.598-03 G') 

1.600+07 3.687-03 2.848+00 8.780-02 1.561+&1 1.497-01 1.870+;)' 1.127-06 P.707-0 4 2.61:i'-OS 4.17~-03 4.577-05 5.717-03 i 
1.ROO+07 2.914-03 2.603+00 7.6R6-02 1.657+01 1.655-01 1.942+01 8.909~O7 7.958-04 2.3S{-05 5,066-03 5.060-05 5.937-03 

~ 2.JOO+07 2.360-03 2.400+00 6.&33-02 l.lA2+01 1.797-01 2.007+01 7.215-07 7.338-01. 2.08~-05 5.326-03 5.494-r5 6.1~6-03 
2.200+07 1.950-03 2.230+00 6.148-02 I.BI9+Cl 1.927-01 2 .ot8 +01 5.962-07 6.818-04 1.fR[-05 5.561-03 5.892-05 6.3<2-03 

)0-2.400+07 1.639-03 2.083+00 5.5P.!!-02 1.889+01 2.046-01 2.124'01 5.011-07 6.369-04 1.70t-05 5,115-0~ 6.255-05 6.492-03 
2.60r+07 1.3'16-03 1.956*00 5.120-02 1.954+01 2.156-01 2.176*01 4.26e-Q7 S.98Q-04 1.S65-05 5.974-03 6.592-05 6."'54-03 Z 
2.!I~O+07 1.204-03 1.P&6+00 4.724-02 2.~12"Ol 2.258-01 2.224+01 3.681-07 5.':44-04 1.441-05 6.151-0:! 6.904-n5 6.&OO-1l3 C 

~.n 00+07 1.049-03 1.748+00 4.385-02 2.067+01 2.352-01 2.270+01 3 .207~O7 5.344-04 1.34'-05 0.32P-0,3 7.191-05 6.940-03 -& 
4.6eO_07 5.901-04 1.389+CO 3.226-02 2 .2~9+0 1 2. i 39-01 2.459"01 1.804-07 4.247-04 9.863-~6 c.9'i8-03 I! .314-05 7.517-03 < 
5.000+07 :5.776-04 1.159+00 2.SS{l-02 2.453+&1 3.030-01 2.602+01 1.154~07 3.544-04 7.796-06 7.500-0~ 9.264-05 7.955-03 m 
~ .00 C+O 7 2.622-04 '1.988-01 2.108-02 2.581+01 3.259-01 2.716+01 8.016-08 3.054-04 6.4£ 5-06 7.SCl1-03 9.964-05 8.303-03 ::0 

E.OnO+07 1.475-04 7.1'77-01 1.565-02 2.np+01 3.601-01 2.81'4+01 4.510-08 2.408-04 4.735-06 3.463-03 1.101-04 8.Bt9-03 a:I 

1.000+0~ 9.&41-05 6.53fl-01 1.245-02 2.9r.1+01 3.1'47-01 3.006+01 2.886-0/l 1.'i99-04 3.·06-0b 8.R7Q-03 1.176-04 9.191-03 -& 
1.500+08 4.196-05 4.656-01 8.231-03 3.109+01 4.248-01 3.199+01 1.283-08 1.424-04 2.517-"6 9.505-03 10 299-04 9.7S n -03 
;>.OOO'OB 2.360-05 3.t51-Ul 6.148-03 3.233.01 4.497 -0 1 3.315+01 7.215-09 1.116-04 1.8Bt-06 9.88<-03 10375-04 1.014~O2 

3.000+08 1.049-05 2.588-01 ~.C82-0:'. 3.377+01 4.796-01 3.451+01 3·207-09 7.913-05 1.2H-06 1.032-02 1.466-04 1.055-02 
4.000+08 S .°00-06 2.027-01 3.C55-03 3,459+01 4.974-01 3.529+01 10804-09 6.197-05 9.340-07 1.058-02 1.521-P4 1.07<;::02 
5.000+08 3.776-06 1.678-01 2.4&1-03 3.512+01 5.094-01 3.5M+OJ l.t54-09 5.130-05 7.463-07 1.0n-V2 10557-04 1.095-0? 
f .01'0+08 2.622-06 1.436-01 ?032-03 3.551+01 5.181-01 3.617+01 8.016-10 4.390-~5 6.21J-0? 1.0~6-0? 10584-~4 1.1~6-02 

8.000+08 1.475-06 1.122-01 1.5?3-0 3.6C2+01 5.301-01 3.666+fll 4.510~10 3.430-05 4.656-07 1.101-02 1.621-04 1.121-02 
1.000+ 0 9 9.441-07 9.229-02 1.217-03 3.(>35+01 5.380-01 3.698+01 2.886-10 2.&22-05 3.72j-~7 1.111-.02 1.6&5-0& 1.131-02 
1.5(>0+09 4.196-07 6.445-02 8.109-04 3.682*01 5.497-01 3.743.01 1.283-10 1.970-05 2.479-07 1012"'-02 1.6~1-04 .1.145-02 
2.rOO-09 2.360-07 4.988-02 6.080-Q4 3.70£+01 5.563-01 3.769+01 7.215-11 1·525-05 1.859-07 1.n4-02 1.701-04 1.152-02 
3.000+09 1.049-07 3.468-02 4.051-04 3.736+()1 5.634-01 3.796+01 3.207-11 1.060-05 1.23·-~( 1.142-02 1.723-0& 1.161-02 
4.~OO+O9 5.90()-08 7.677-02 3.03E-04 3.751+01 5.676-01 ~.81,O+01 1.804-11 8.185-06 1i.283-0B 1.1£7-02 1.735-04 1.1f;5-02 
5.000+09 3.776-08 2.189-r.2 2.430-04 3.761+01 S.701-01 3.820+01 1.154-11 6.693-06 7.429-08 1.1~O-C2 1.743-04 1.16~-O2 

6.QOO+09 2.622-08 1.856-02 2.025-04 3.168+01 5.719-01 3.827-01 8.016-12 S.675-() 6 6.191-08 1.1~2-0? 1.7&9-04 1.170-02 
8.000+ 09 1.475-08 1.43~-O2 1.516-04 3.776+01 5.743-01 3.835+01 4.510-12 4.372-G6 4.641-0f. 1.1~4-02 1.75f-~4 1.172-02 
1,000+10 9.441-09 1.168-02 1.215-{l4 30782+01 5.758-0' 3.841+01 2.886-12 3.571-C6 3.71>-Oe 101~6-02 1.760-04 1. 'H/,-O? 
1.500+10 4 .196-()9 8.070-03 8.097-05 3.789+01 5.778-0' 3.848+01 1.283-12 2.467-06 2.471>-08 1.1~8-02 1.767"04' 1.176-02 
,.OOe+l0 2.360-0<) 6.204-03 6.073-05 3.793~Ol ~. 790-0' 3.852+01 7.215-13 1.897-06 108~7-03 1.ttO-02 10770-04 1.178-0? 
301100+ 1 0 1.049-09 4.279-03 4.048-05 3.797+01 5.R01-0' 3.855+01 3.207-13 1.308-()6 1.233-08 1.10-02 1.77&-04 1.179-02 
4,tOO+10 5.900-10 3.285-03 3.036-05 3.&l'O+Cl 5.808-0' 3.858+61 1.1'04-13 1.004-06 9.28?-~9 1.H2-02 1.776-C4 1.1IlP-02 
5,000+10 3.776-10 2.675-03 2.429-05 3.801+01 5.812-0~ 3.859+01 1.154-13 8.179-07 7.42,-09 1.H2-02 1.777-04 1.180-02 
6,00C+l0 ?622-10 2.?61-03 2.024-05 3.1"02+01 5.815-G' 3.860+01 8.016-14 6.913-07 6.183-09 1.H2~02 ,. 778-04 1.180-0? 
P,OOO+10 1.&75-10 1.734-D3 1.518-u5 3.803+01 5.818-0' 3.861<61 4.510-110 5.302-07 4.641-09 1.163-02 1.779-04 1.121-02 
1.00C+11 Q .441-11 1.411-03 1.214-PS 3.80/.+01 5.1120-01 3,1'62+01 2.81'6-14 & .314-07 3.7H-09 1. U3-02 1.77t}-nt., 1.18 1 -02 



TABLE 6. Cross sections and mass att.enuation coefficients fOT the individual and total photon atom intenction pTO~f'~!leS, 1 MeV to 100 GeV, 
7,= 1 t.o tOO-Continued 

80. IIG. MERCURY 'TO~IC VT. ~ 200.5~ /iSO/KG .000300?1 ~ARNS/ATnH MULTIPLY HSO/~G BY 10 FOR CHSO/G 

PAIR PRoDuCTION PAIR PRODUClIO" 

SI: HT ER t NG SC H·€R INI> 

PflCTON PHOTO- NUCLEAR ELECTRON TOTAL PHOTO- NUCLEAR ElECTRON TOTAL 

['1ERGY CO~ERENT INCOHF~ • ELECTRIC FIELD FIE LD COHER ENT INCOIIER. EtECTlHt FIELD F lEU 

tV Bi ATOM BIHOH PlATO H BIATOM snTDK B/HOM '!SO/KG liSfllKG liSO/KG "SO/KG HSO/KG HSO IKG 
"a 

1.()00'O6 9.~49-01 1.677+01 S.5~8+00 0.000 0.000 1.329+01 2.867-04 5.035-03 10672-03 O.O~C 0.000 6.993-03 > 
'.022'06 9.151-~1 1.660+01 5.330_00 0.000 0.000 lo?SS+Ol 2.747-04 4.984-03 1.600-0, c.oor 0.000 6.858-03 ~ 
1.25C+C6 6.162-01 1.503+01 3.595+00 1.218-01 0.000 1.936+01 1.850-(14 4.51?-03 1.079-0; 3.657-05 0.000 5.RI3-03 .... 
1. 500+06 {, .~OO-Ol 10368+01 2.561>ro 5.7f5-01 0.000 1.725+0"1 1.291-04 4.107-03 7.689-0' 1.737-011 0.C06 5.179-03 ::III! 
2.000+06 2.132-01 1.16<l+C1 1.549+~i> 1.75~-OO O.o~O 1.524+01 1.301-05 :! .51 a-()'3 4.650-l\~ S.27?-Ct. O.OOC 4.575-C3 :; 
?oOI,HOo C .33fl-O 1 1.15 5 +0 1 1.49L+or 1.860+00 0.000 1.514+01 (, .<;><,5-05 ~-.46f-03 4.485-0. 5.5P4-04 o.ooe 4.5H-03 r-

3·000+06 1.(86-01 9.210+0V 8.106-01 3.832+00 3.218-03 1,401+01 3.2"-0-05 ;:>.765-03 2.434-0. 1.165-03 9.661-~7 4.207-03 m 

4.000+06 6.11'1-(12 7.687'00 5.311-01 5.604+00 1.312-02 (.396+01 1.837-05 2.308-03 1.594-0. 1.68;>-0, 3.93'1-06 4.172-03 .;-f 

5.000+06 3.~19-02 6.641+00 3.894-01 7.04t+OO 2.609-02 1.414+01 10177-05 1.'194-03 1016<;;-0:' ?11S-03 7.833-06 4 .246-03 > 
6.nOO+06 ;:> .123-02 5.870+00 ,.053-01 8.288.00 3.999-02 1.453'01 8.175 -06 1.762-03 9.166-0 ; 2.488-03 1.201-05 4.362-03 Z 
7.000+06 l.(OI-02 5.271+0e 2.501-01 9.382+00 5 .3B l-UZ 1.498+01 6.007-06 1.584-03 7.508-01 2.817-03 1.615-n5 4.498-03 C 
8.000+06 1.532-02 4 .8C 3+00 2.113-01 1.037+01 6.717-02 I.SP+Ol 4.5'i9-P6 1.442-03 6.344-05 3.113-03 2.017-05 4.643-03 

9.00~+O6 1.,11-02 4.415+00 1.827-01 1.126+01 7.992-02 1.595'01 3.636-06 1.325-03 5.485-05 3.380-03 2.399-05 4.788-03 .... 
1.COO+1l7 9 .~1O-03 40091 +00 1.607-~1 1.209.01 9.202-02 1.644+01 2.945-06 1.228-63,4.824-05 3.630-03 2.763-05 4.937-03 0 .... 
1.1()0+O7 I) .108-03 3.~16+00 l.434-~1 l.n5+01 1.034-01 1.692+01 2.434-06 1.146-03 4.305-05 3.858-03 3.104-05 5.080-03 > 
1.200+07 6.S13-03 3.579+00 1.293-01 1.356.01 1.142-01 1.739.01 2.045-06 1.074-03 3.e82-05 4.071-1i3 3.428-05 5.221-03 r-

1.300'07 s.aaS-03 30372+00 1.178-01 1.422'01 1.243-01 1.784+01 1.743-06 10012-()3 3.S37-0S 1.0 269-03 3.732-05 5.356-03 > 
10400+1\7 5 .~1l6-03 3.190+00 1.0el-01 1.484+01 1.339-01 1.828+01 1.503-06 9.577-04 3.24S-CS 4.455-03 4.C2C-QS 5.487-03 .... 
10500+07 4.~61-03 3.02B+00 9.982-02 1.542+01 1.430-01 1.870'01 1.309-06 9.091-04 2.997-0; 1..62 0 -03 4.293-05 5.613-03 0 
1.600+07 3.e33-0~ 2.R84+0C 9.273-02 1.596 +0 1 1.516-~1 1.909+01 1.151-06 8.65B-04 2.71<4-05 1.0791-03 4.551-05 5.732-03 ~ 
1.J>liD+G7 3.028-03 2.636+00 8.117-C2 1.691.+01 1.675-01 1.983+01 9.091-07 7.914-04 2.437-0, 5.086-03 5.029-05 5.953-C3 n 
2.nOe-07 ;:> .153-03 2.431+00 7.215-G2 1.78,.01 1.t'19-0 1 1.050+01 7.364-07 7.298-04 2.166-0, 5.347-03 5.461-05 6.154-03 

2.200+07 ? .C27-0 3 2.258+00 6.49?-C2 1.£59+01 10951-01 1.'1"01 6.085-07 6.779-04 1.949-05 5.581-0, 5.857-05 6.338-03 n 
2.ACO·07 1.;01.-03 2.110+00 5.899-02 1.931 +0 1 2.071-01 1.169+01 5.116-07 60335-04 1.771-0') 5.797-03 6.217-05 6.511-03 ::III! 

7.600+07 1.~52-()3 1.981+ro 5.406-02 1.997+01 20182-01 1.222+01 &.359-07 5.9&7-~4 1.623-05 5.995-01 6.551-05 6.6n-03 0 
?R~O+C7 1 .252-03 1.869+00 4.988-02 2.057-01 2.285-01 1.272+01 3.759-07 5.611-04 1.497-0; 6.175-03 6.1!60-05 6.R21-03 III 

~.0~Q+07 1.C90-03 1.770+0C 4,.630-02 2.113+01 20380-01 2.319'01 3.272-fl7 5.311.-04 1.390-0, 6.344-03 7.145-05 6.9""-03 
III 

h.OOO·07 b .133-G4 1.406+0fl 3.405-02 2.339+01 2.77 2 -0 1 20511+01 1.841-\)7 4.221 -04 1.ll22-\), 7.C22-03 8.322-1\5 7.538-03 III 

5.000+D7 ~.SZ5-04 1.17 4" 00 2.692-02 2.507+01 3.066-01 1.658+01 1.17~-O1 30525-0' 8.082-0. 7.526-03 9.205-05 7.979-03 
m 
n 

6.00C+C7 2.726-04 10012+00 2.225-02 2.638+01 3.297-01 2.774+01 8.184-08 3.038-04 6.680-0. 7.920-03 9.898-05 1\ .32 Q-03 .... 
~.OOO+O7 1.~33-0& 7.977-01 1.652-02 2.830+01 3.64 :>;-0 1 2.948+01 4.602-08 2.395-04 4.960-0t> 8.496-03 1.091.-04 8.850-03 (5 
1.00r+D8 9.813-05 ~.621-01 1.314-02 2.Oft5-01 3.891-01 h07hOl 2.946-08 1.988-04 3.945-06 8.901-03 1.168-04 9.221-03 Z 

!-
1.S0e+0!'. 4.361-05 4.715-01 8.6116-03 3.178+01 4.297-01 !o 269'0 1 1.309-011 1.416-04 2,61)8-0. 9.541-03 1.290-04 9.a14-03 III 

Z.OO~·D/;l 2.453-05 3.6"7-01 6.488-03 30304+01 4.548 -01 3.387+01 7.364-09 1.110-04 1.9411-01> 9.919-0:" 1.365-04 1.017-02 
.... 3.0 00+0~ 1.C9C-05 2.620-01 4.307-03 3.451+01 4.851-01 30526+01 3.272-09 7.866-05 1.293-0. 1.036-02 1.456-04 1.059-02 

"'TI ,. 0 ..., 4.CO~+(i8 6.133-06 2.052 -0 1 3.224-G3 3.535+01 5.031-01 1.6~6+01 1.841-09 6.160-C5 9.619-0 1 1.061-02 1.510-04 1.0B3-C2 
flO 

:ICI 
s.eoo+O!! 3. Q25-06 1.699-01 2.576-~3 3.590+01 5.153-01 l.6 59+0 1 1.178-09 5.101-05 7.734-~7 1.078-0Z 1.547-04 1.098-02 

,.., 6.000+08 2.i2h-06 1.455-01 2.14 5-03 :".629+01 5.241-01 3.696+01 8.184-10 4.368-05 6.440-07 1.089-02 1.573-04 1.11 0-02 "'0 ,. :::z:: .. !'. 0 00+0 e 1.533-06 10 13b-Ol 1.607-C3 3.t>81+01 5.363-01 3.746+01 4.602-10 !.410-0S " .824-07 1.10S-02 1.610-04 1.175-02 

3 1.0M+09 0.813-07 9.346-0Z 1.285-0:" 3.715+~1 5.443-01 30779+01 2.91.6-10 2.806-05 3.858-0'/ 1.115-02 1.634-04 1.134-02 0 .... 
'" 

1.S0B+09 4.~61-07 6.527-07 P..558-04 3.764+01 5.562-Ql 30826+01 1.309-10 1.969-05 7.569-111 1013r.-~2 10 67 0-04 1.149-02 0 
~ 2.00~+O9 2.453-07 5.052-02 6.416-04 3.790'01 5.629-01 30851+01 7.364-11 1.517-05 1.926-07 1.138-02 ,.690-~4 1.156-02 Z 

3.0Cn+09 1.090-07 3.512-02 4.275-04 3.819+01 5.7C2-01 3.880+01 3.272-11 1005&-~5 1.283-0 1 10147-02 1.712-G4 1.165-02 CIt 

I:' 4.00'+09 6.133-08 2.711-02 3.206-04 3.834+01 5.745-01 3.894'01 10841-11 8.139-06 <;..625-0. 1.151-a;> 1.725-04 1.169-02 
c 
if 5.0Q~+09 3.S25-08 2.217-02 2.564-04 3.F44+01 5.771-01 1.904+01 10178-11 £:.656-06 i.698-0~ 10154-02 1.733-04 1.172-02 
. e.~OO+09 2.726-08 1.88~-02 ?137-C4 3.851+01 5.789-01 !.911+01 a.H4-1? 5.644-06 6.416-0a 10156-62 1.738-04 1.174-02 

< 8.0QO+09 1.533-08 1.448-02 1.602-04 3.eS9+01 5.814-01 50919+01 4.602-12 4.347-06 4.809-03 1.15<:'-C2 1.745-04 1.176-C2 

~ 1.000+10 9.813-09 1.1~2-02 1.282-04 3.865+01 5.829-01 1.924+01 2.946-12 3.549-116 3.849-06 10 HoO-t2 1.750-04 1.178-02 

'" 
10500+10 4 .:61-09 8.172-03 ~.545-05 3.873+01 5.84'1-01 ~.932+01 1.309-12 2.453-06 2.S65-0~ 10163-(2 1.756-04 1.lSl-02 

. 2.000+10 2.453-09 6.2f2-03 6.40b-05 3.877+01 5.862-01 ~ .936+01 7.364-13 1.886-06 1.924-05 10164-02 1.760-04 1.18?-0;:> 

% 3.0CO+1 n 1 .C91l-09 4.333-03 4.272-05 3.881+01 5.873-01 50940+01 3.272-13 1.301-!l6 1.283-lH 10165-£2 1.763-04 1.183-02 
~ 4.r(lO+10 6.133-10 3.326-03 3.204-05 3.8/;13+01 5.881-01 50942+01 1.~41-13 9.985-07 S.619-09 10166-(2 1.766-04 1.183-~2 

!" 5.000+10 3.~25-10 2.709-0~ 2.563-05 3.885+Vl 5.8R5-01 !.944+Cl 1.178-13 8.133-07 7.695-0~ 1.166-02 1.767-04 1011\4-02 --
~ 

6.eOH10 2.726-10 2.290-0:- 2.136-05 3.8M+01 5.088-01 30945'01 8.184-14 6.1'75-07 6.413-0, 10167-02 1.768-n4 1.184-02 -
R.VOD+l0 1.533-10 1.756-n3 1.602-05 3.887+01 5.891-01 1.946+ ()1 4.602-14 5.272-07 4.809-0~ 10 167-02 1.769-04 1.lE5-02 N 

<1> 100~O.'1 9.813-11 1.428-~3 1.282-0~ 3.8e8+01 5.893-01 3.947'01 ?946-14 4.287-07 3.1'49-09 10 16 7-C2 1.769-04 1.185-02 
(a) 

0 



!- TABLE 6. Cross sections and mass attenuation coefficients for the individu1l.1 and total photon atom intenction processes 1 MeV to 100 GeV 
... Z=l to 100-Continued ' , t.) 
:r 
~ 

.ra. 

n z P.1. fl. THAlLl,,~ .TO~JC ~T. = 2~4.3g3 "SOIKG .0002946> BARNS/ATOH MULTIPLY HSOIKG BY 10 FO~ C~SQ/G ,.. .. PHR PIlOOUCTTON PA IR PRoDUCTION 3 
SCATTERING SCATIER tliG 

'" PHD :ON PHOTO- NUCLF.H ElECTPON TOTAl PHOTO- NUClEA~ ELECTRON ToUL 

~ EIIHGY COHERENT I NeOHER. ELECTR Ie qElO FIELD COIlFkEIIT I !lCOHER. HErTIIIC f J Elf) fielD 

c .. EV BI ATOH 
1 

BIHOM BIATOM SlAlOM B/ATOM BIATOM 'ISO/KG "SOIKG "sonG HSO/K~ HSO/KG HS~/KG 

< 1.0IH+06 9.913-01 1.691>+01 5.890+00 0.000 0.000 Z.3B6+01 2.921-04 5.003-03 1.735-03 o.ooe 0.000 7.031-03 

~ 1.~2;+O6 9.499-01 1.680 .. 01 5.638 .. 00 0.000 0.000 Z.339+01 2.799-04 4.95C-03 1.661-00 0.000 0.000 6.891-03 
1.?5~+O6 6.398-01 1.522+01 3.S03+00 1.259-01 ().ooo 1.979+01 1.885-(14 4.484-03 10121-03 3. 7H-' 5 0.000 5.811-03 

:0 1.50(+06 4.466-01 1.385+rl ~.709+0~ 5.'198-01 0.000 1.761+01 1.316-04 4.081-03 7.982-04 1.767-G4 0.060 5.1~7-03 

Z 7.0IH+(l6 2.527-01 1.184+01 1.639+00 l.E1S+CO O.OOC 1.555*01 7.4&6-05 3.489-0:!' 4.829-°4 5.348-'14 ().ooo 4.5~1-03 

? 2.044+06 2.420-01 1.169+01 "5~O+OO 1 .922+00 0.000 1.543+01 7 .130-05 3.444-03 4 .655-04 5.663-14 O.OCO 4.548-03 

!-
3.00~+06 1.128-01 9.325+00 8 .57~-01 3.'192+00 3.258-03 1.429+01 3.32&-05 2.7£8-03 2.525-04 1.17~-f3 9.600)-07 4.210-03 
4.00f!+06 6.357-02 7.71'>3+00 5.612-01 5.]&7+00 1.328-02 1.417+01 1.873-05 2.293-03 1.654-04 10693-13 3.913-06 4.175-03 

:;; 5.00~+O6 4.072-02 6.723+00 4.114-01 7.217'00 2.641-02 1.442+01 1.200-05 1.981-0:- 10212-04 2.126-*3 7.782-06 4.248-03 

... 6.0~~+(,6 2.829-02 5.'144+00 3.225-01 8.4P.4+00 4.Gl.B-O? 1.482+01 8.336-06 1.751-03 9.S02-0S 2. SOO-'3 1.193-05 4.366-03 
0 7.()Ot+06 2.079-02 5.343+00 2.641-01 9.59f+00 5.447-02 1.528+01 6.126-06 1.574-03 7.782-05 2.828-.3 1.605-05 4.507.-03 

e.OO~·06 1.592-02 4.863+00 2.231-01 1.060+01 6.799-02 1.577+01 4.691-06 1.433-03 6.514-05 3.1;>3-13 2.003-05 4.647-03 

9.001+06 1.25B-02 4.471+00 1.92'1-01 1.152+01 8.0QO-02 1.628+01 3.707-06 1.317-il3· 5.684-05 ~.394-13 2.31'4-05 4.796-03 ::a:: 
1.0~'+O7 1.019-02 4.H2"00 1.697-01 .. 1.236+01 ... 314-02 1.673<-111 3.002-1)6 1.220-03 5.00e-05 3.647.-~= 2.744-05 4.943-03 C 
1.10~+07 8.424-03 3.864+00 1.5B-Ql 1.313+01 1.047-01 1.726+01 ?482-06 1 .139-03 4.4511-05 ~.869-i3 3.085-05 5.085-03 CD 

1.2C~+07 7.079-03 3.624+00 1.365-Cl 1.386+01 1.156-01 1.774.01 2.0f,6-06 1.068-113 4.022-05 40084-13 3.406-05 5.2211-03 CD 
m 

'.30~+Ol 6.032-03 3.414+00 1.243-01 1.454+01 10258-01 1.821+01 1.717-06 1.006-03 3.662-05 4.2E.4-tl 3.707-05 5.366-03 r-
1. 40~+07 5.201-03 3.230+00 1.Hl-01 1.517+01 1.355-01 1.865+01 1.532-1)6 9.517-04 .3 .362-05 4.470-'3 3.Q92-r., 5.497-C3 r 
1 .5~~+07 4.531-03 3.666+00 1.053-01 1.576+01 1.447-01 1.908+1)1 1.335-06 9.034-04 3.103-05 4.644-13 4.264-05 5.622-03 

Q 
1.601+07 3."82-03 2.920+00 9.786-02 1.631+01 1.534-01 1.949+01 1.173-06 8.604-04 2.81'3-05 4.80~-03 4.s20-r5 5.74 ' -03 

1081'~''07 3.147-03 2.669+00 8.56~-02 1.731+01 1.695-01 1.024+01 9.272-07 7.1.'64-04 2.524-05 Sol O~-t 3 4.994-05 5.963-03 i 
2.CO~+C7 2.549-03 2.461+00 7.613-02 1.819+01 1.841-01 1.091+01 7.511-0f 7.251-04 2.243-05 S.360-03 5.424-05 6.167.-03 ~ 7.20(+07 2.106-03 2.286+00 6.8S0-02 1.900+01 1.974-01 Z.lS5+01 6.205-07 6 ~736-0 4 2.01/;-05 5.598-13 5.1116-05 6.351-03 
2.40r+07 1.770-03 2.136+00 6.225-02 1.973+01 2.096-01 1.214+01 5,215-(17 6.294-04 10834-0S 5.813-G3 6.176-05 6.523-03 » 
7. .60f+07 1.508-03 2.006+00 5.704-02 2.041 +0 1 2.20f.-Ol Z.270>OI 40443-~7 5.911-04 1.681-0S 6.01&-03 6.506-05 .... 68 7-03 Z 
2.aO{+07 1.301-03 1.892+00 5.262-02 2.102+01 2.312-01 Z.320+01 3.833-07 5.575-C4 1.550-05 6.193-13 6.812-05 6.835-03 1:1 
3.00~+07 1013 3-03 1. 792+0~ 4.1184-02 2.159+01 l.GOS-Ol ?367+01 3 .338-07 5 .2"'Il-C 4 1.439-1l~ 6.361-1~ 7.095-05 6.975-03 

4 .(lO,.O 7 6.373-04 1.42&+00 3.592-02 2.390+01 2.1'04-01 1.56&+01 1.878-01 4.196-04 1.058-05 7.047.-03 8.262-05 7.555-03 -& 
5.0~O+07 &.079-0& 1.189+00 2.839-02 2.562+01 3.102-01 h715+01 ,,202-07 3.503-04 8.365-0t. 7.549-.3 9.140-"5 7.999-03 < 
6.00~+O7 2.8V-04 1.0?&tOO 2.347-02 2.695+Cl 3.336-01 1.833+01 8.344-08 3.017-04 6.915-06 7.941-e3 9.829-~5 ~.34~-O3 m 

::ou 
8.0 0 0+07 1.593-04 8.077-01 1.743-02 2.891+()1 3.685 -01 l.010+01 4.694-08 2.380-0& 5.136-06 8.518-03 1.086-04 8.870-03 CD 
1.0QO+08 1.020-04 b704-Gl 1038£-0, ~.029+Cl 3.936-01 3.137+01 3.005-0S 1.975-04 4.01!4-1l6 8.925-03 1.160-04 9.242-03 -G 
1.50~+CS 4.532-05 4. 774-~1 'i.161-0~ 3,2£7+01 4.347-Ql ~.33q+01 1.335-01, 1.407-04 2.699-0t 9.567-03 1.281-04 9.839-03 

2.001+08 ?549-05 3.743-01 6.842-()3 3.376+01 4.600-01 J.460>01 7.511-09 1.103-04 2.016-06 9.947-0:: 1.35S-04 1.020-02 

3.001+0S 10 13 3-0 5 2.653-01 4.543-03 3.526+01 4.'107-01 3.602+01 3.338-09 7.617-05 1.339-06 10039-02 1.446-04 1.061-02 

I. .GOo+08 6.372-06 2.078-01 ~ .400-03 3.611+01 S.08~-Ol 3.683+01 1.877-09 6.123-05 1.002-06 1.061.-02 104<i9-04 1.085-(l? 

5.00~·08 4.018-06 1.720-01 ".717-03 3.668+01 5.212-01 3073a'01 1.202-09 5.068-05 8.006-07 1.0S1-0 2 1.536-04 1.1el-02 
(;..00H08 2.832-06 1.473-01 2.262-(j3 3.708+01 5.302-01 3.776+01 8.344-10 4.340-05 6.665-07 1.093-12 1.562-04 1.113-02 
B.00~+08 1.593-06 1.150-01 1.695-0~ 3.761 .. 01 S.425-Gl h827+lll 4.694-10 3.388-05 4.994-07 1.10S-12 10598-04 1.128-02 
1.00~+09 1.020-06 9.463-02 1.355-&3 3.795+01 5.507-01 3.860 +01 3.005-10 2.788-05 3.992-07 1.118-12 1.623-04 1.137-02 
1.50~+09 4.532-07 6.608-112 9.C25-04 3.845+01 5.62~-01 1.9&8+01 1.335-10 1.947-05 2.65 "-07 1.133-12 1.658-04 1.151-02 
?OCG+09 2.5£9-07 5.115-02 6.766-04 3.872+01 5.696-01 30934+01 7.511-11 I.S07-05 1.994-01 10141-02 1.61{<-r4 1.15<)-02 
3.001+09 1.133-07 3.556-02 4.509-U4 3.902+01 5.770-01 30963+01 :3 .331!-11 1.04S-05 1.329-07 1.150-07 1.700-04 1.168-02 

4.0Ctte9 6.372-08 2.745-02 3.381-04 3.917.01 5.813-01 !.978+01 1.877-11 p .• 088 -0 6 9.962-08 1.154-12 1.713-04 1.172-02 

5.000+09 4.078-08 2.244-a2 2.704-04 3.927+01 5.840-01 309PS+Ol 1.202-11 6.612-06 7.9(,7-0& 1.157-.2 1.721-04 1.175-02 
6.001+09 2.1132-08 1.903-0<' 7..253-04 3.934+01 5.858-01 30995+01 8.344- 12 5.607-06 6.638-08 1.15<;-12 1.726-04 1.177-02 
g.OOhG9 1.5'13-08 1.466-02 1.690-04 3.943+01 5.883-01 •• 003+01 4.694-12 ·4.319-06 4.9fsO-Oe 1.162-12 lon3-04 1.1eO-02 
1.0N+l0 1.020-08 1.1'17-02 1.352-04 3.'i49+0 1 5.8\1P.-01 •• 00<)+01 3.005-12 3.527-Q6 3 .<;S4 -OB 1a164-1~ 1.738-04 1.181-02 
1.50(+10 4.5~2-09 0.274-03 9.()1'-05 3.957+01 5.919-01 •• 017+01 1.33~-12 2.438-06 2 .~SS-Ob 1.166-02 1.744-04 1.184-02 
?QN>10 2.549-09 6.361-03 6.758-05 3.'161+01 5."32-01 •• C21+01 7.511-13 1.87G-06 1.991-1)8 1016(-0< 1.748-P4 1.185-02 
3.flOO+1C 1.133-09 4.3&7-03 4.505-05 3.966+01 5."~3-01 •• 026+01 3.33S-13 1.293-06 10327-0B 1.16'1-02 1.751-C4 1.186-02 

4.00~'10 6.372-10 3.368-03 3.379-05 3.968+01 5.951-01 •• 028+01 1.877-13 9.924-.07 9.956-09 1.169-12 1.753-04 1.11'7-02 
5 .OO~+1 0 4.1l7P-l0 2.743-03 2.703-~5 3.969>01 5.956-01 .. 029+01 1.202-13 8.C82-07 7.964 -09 1.16Q-G2 10755-C4 1.187-02 
6.000"0 2.832-10 2.318-\)3 2.253-05 3.970+r1 5.95~-OI .. e 30+0 1 t.344-14 (.S30-(17 6 .63f -09 1.170-12 10 755-0£ 1.1~7-02 

S.NII+I" 1.593-10 1.778-03 1.689-05 3.972+01 5.961-01 ;,.032+01 4.694-14 5.239-(l7 4.977-09 1.170-'2 1.756-04 1.18 A-02 
1.000"1 1.020-10 1.446-()3 1.351-05 3.973+01 5.96.1.-0, 1..033+01 3.005-11. I. .261-07 3.981-00 10 171-12 10 757-04 1.lPI3-02 



'flBLE 6. Cross sections and .mass attenuation coefficients for the individulli and total photon atom interaction processes, 1 MeV to 100 GeV, 
Z=l to IOo-Contlnued 

l2, PB. LEAD ~TOMIC WT. = ?r.7.2 ~S!)f~G .00029064 B~RNS/ATO~ MUtT1PlY MSO'KG BY 10 FOR C~SO/G 

PUP PROCUtT lOti PA TR PROOUCTI ON 
SO T T':~ I~~ Sf: A TlElI ING 

PH0T,)~ P~OTO- ~UCl FAR ELEe TRON TOTAL PHOTO- ~UClEAR ELECTRON TOTAl 
ENEP,y rO"ERENT I'ICOHER. ELECTRIC r IELO r IE to COHERENT JNCOHER. ELECTIlIC FIFlO FJELD 

EV BOlOM BI HIli' n IATOH BIIlOH B/AlOM ! IATOH MSO/KG 1150/kG liS OIK G !!SO/KG !!SO/KG "SO/KG 
"0 

10000.06 1.(129+00 1.718+Cl 6.226+~n O.O~~ 0.1)00 2.443>01 2.991-04 4.993-03 1.810-0,3 0.000 0.000 7.102-0! » 
10022,06 Q.1\5<)-01 1.101>01 5.9~9H~ ·O.1l0{l 0.000 2.395+01 h865-04 40964-03 1.732-03 0.000 O.l)(}(l 6.962-03 .~ 
1.250.06 6 .64?-0 1 1.540+01 4.020+00 1.301-Cl O.OO~ 2.021+01 1.930-0& 4.476-03 1.168-03 3.1I!1-05 0.001l 5.875-03 
1.5110·06 ~ 0636-01 1.402+ ~1 2.863+~0 6.215-01 0.000 1.797+01 1.3&7-04 4.075-03 8.321-04 10806-04' 0.000 5.222-03 -I 

Z.oeD·06 2.62'-01 1.198+01 1.737.+00 1.875+~0 0.000 1.585+01 7.626-05 3.482-03 5.034-04 5.449-04. 0.000 4.606-03 ~ 

2.C46.06 2.513-~1 1.18&+01 1.670+00 1.9S5+00 0.000 10575-01 7.304-05 3.441-03 4.85t.-1)4 5.769-04 0.000 4.516-03 :;; 
r-

3.0('~·O6 1.172-01 S·.HO +UO 9.054-0 1 4.102+UO 3.298-03 1.457+01 h406-05 2.744-03 2.6:31-04 10 192-03 9.585-07 4.234-03 
~ 4.'ICP'06 ~ .603-02 7.879+0r. 5.977-01 5.8~I+0V 1.3U-OZ 1.4U+Ol 1.919-(15 2.290-03 1.723-04 ,.712-03 3.9()6-06 4.197-03 

5.000·06 4 .2~O-02 6.~O6+00 4.344-01 7,089+00 2.673-02 1.47e+Ol 1.229-05 1.978-03 1.263-04 2.14f,-03 7.769-06 4.272-03 » e .OOOI--OA 2.939-02 6.J17+0r 3.404-01 B.680+0r 4 .!}9~-02 1.511+01 ~.~42-06 1.749-03 9.893-05 2.523-03 101'11-05 4.391-03 
7.~0()f06 2.160-02 5.&09+n~ 2.1f.f-Ol 'I.Pll.-0C ,.513-C2 1.,58+01 ~.278-06 1.572-03 8.103-05 ".853-03 10602-05 4.528-03 Z 
B .CIl~t\16 1.6';1.-112 4 .97.3+ O~ 2.~55-0" 1.~·L+01 6 .~.1'2-il2 1 .6~B+\}1 4.£>07-06 1.£31-03 6.845-05 3.151-1l3 <>.ooo-os &.675-03 0 

Q.(lor.~(16 1.307-02 4.526.0" 2.035-01 1.177+01 e .18~-O2 1.659+01 3e7~9-06 1.315-03 5.915-05 3.421-03 2.380-05 4.823-03 -I 
I.C~O.07 1.~5"-02 4.193.00 1.790-01 1.263+01 9.427-0, 1.711 +01 3 .078-06 1.219-03 5 .202-0 ~ 3.671-03 2.740-05 4.972-03 0 
,.1~N07 8.750-03 3.91 hOft 1.597-01 1.342+01 1.06a-01 1.761+01 2.543-06 1.137-0" 4.642-05 3.900-03 3.081-05 5.117-03 -I 

1.20~.07 7.353-C~ 3.66P+O(' 1.&40-"' <.41t+Ol 1.170-01 1.810+01 2.137-06 1.066-03 ".1l'5-"5 4.115-03 3.400-05 5.260-03 » 
1.300·07 6 .766-03 3.456+00 1.311-01 1.4~5·01 1.273-01 1.857+il1 1.1'21-06 1.00&-03 3.SH-OS 4.316-03 3.700-05 5.397-03 

... 
1.&Oft·07 5.4G3-03 3.270+00 1.203-01 1.55~+r1 10372-01 '.<;03+01 1.570-06 9.504-04 3.&96-05 &.SO~-03 3.988-05 5.532-03 » 
1.500>01 4.167-03 3.104+00 1.111-01 1.610+01 1.4t.4-01 1.9H+Ol 10361l-06 9.021-04 3.229-1)5 4.679-03 4.255-05 5.65e-03 -I 

l.fiPC t 0 7 4.137-03 2.956+00 1.032-01 1.666+01 1.552-01 1.988"01 1.2(12-06 8.591-04 2.999-05 4.842-03 4.5·11-r5 5.777-03 0 
1.800+07 3.269-03 2.702+00 9.033-02 1.7t:e+Ol 1.715 -0 f 2.0t5+01 9.501-07 7.B53-04 2.625-(15 5.1 :rC?-o ~ & .98&-05 6.001-03 ~ 
;>.oan+07 2.648-03 2.I.92.C~ f.029-02 1.PS9-0f 1.863-01 2.135+01 70696-07 7.243-04 2·334-05 5.1.03-03 5.415-0, 6.20b-03 n 
2.2~0·07 7..188-03 2.314+00 7.273-02 1.941+01 1.997-01 2.200+01 6.359-'17 6.725-04 2.099-05 5.641-03 5.804-0, 6.394-03 
?£ 00'07 1.839-03 2.163+00 6.5~4-02 2.016+01 2.121-01 2.260+01 5.345-07 6.287-04 1.908-05 5.859-03 6.164-05 6.569-03 n 
2.601'·07 1.567-03 2.11~1+(le 6.014-02 2.084+01 2.234-01 2.316+01 ~ .554-01 5.903-04 10741' -0 S 6.0S7-0:; 6.4 CJ3-Q 5 6.730-03 

~ 

0 
2.8~0'07 ,.351-03 1.916+00 5.549-02 2.147+01 20339-01 2.368+01 3'927-07 5.569-04 1.1113-05 6.241J-O~ 6.798-05 6.88 1 -03 CIt 
3.001»07 1.177-03 1.~14+00 5.~50-02 2.2~5+01 2.037-01 2.416+01 30421-"7 5.272-04 1.497-05 6.t. 09-0 3 7.083-05 7.G22-03 CIt 

1,.000+07 6.620-04 1.441+0r. 3.787-02 2.442+01 2.837-01 2.618+01 1.921,-07 4.11l~-04 1.101-C> 7.097-0~ 8.245-05 7.610-03 CIt 
5.01.'0.07 1..<'37-04 1.203+00 2.993-02 2.617+01 3.13f-Ol 2.772+01 1.231-07 3.496-04 ~.699-06 7.606-0: 9.120-05 P.t56-C3 m 
6.000'07 ,.942-04 1.037+00 2.1.7&-rZ 2.753+Cl 3.37!-O1 2.e93+1l1 8.SS1-0R 3.014-114 7.190-06 R.001-03 9.806-C5 8.408-03 !l 
P.~OO,07 1.655-0" 8.176-01 1.837-02 2.953+01 3.727-01 3.074+01 ~.810-08 2.376-04 5.3?'T-06 8.583-03 1.083-04 8.9:'4-03 is 1.'.)CO-Ol! 1.059-04 6.78b-Ol 1.460-02 3.094+01 3.981-01 3.203+01 3.07<'-08 1.<t72-0~ 4.243-06 p.. 997-0 3 1e157-~4 9.310-03 

!-
1.500·0g 4.7~8-05 4.813-01 9.656-0~ 3.316+01 4.396-01 3.409+01 1.36€-08 1.1.05-04 2.806-06 9.638-03 1.278-01. 9.9~9-03 Z 
2.000-0R 2.6/,8-05 3.7R9-01 7.212-03 3.448+&1 4.652-01 3.533+01 7.696-09 l.tOl-04 2.096-06 1etr.2-0? 1.!52-04 1.027-02 

CIt 

... 3.0fJO·08. 1.177-05 2.61:6-01 4. let-03 3.601+\l1 1 •• 963-61 3.671\+01 3.421-09 7.e07-CS 1.3'l2-06 1.047-02 1.442-04 1.069-02 "TI ... 
~ 4.000-011 6.620-06 2.103-01 3.5113-03 3.689+01 5.1£7-01 3.762+01 10924-09 6.112-05 1.041-06 10072-02 1.496-04 1.093-02 0 

5.000-08 4 .~37-06 1.7/01-01 2.863-03 3.746+01 5.272-01 '3.816+01 1.231-09 5.060-05 e.3?1-r.7 10089-G2 10532-04 1.109-02 ~ 

n 6.000-08 2.942-06 1.4<11-01 20384-03 :3.787trl 5.363-01 3.856+01 f.S51-10 4.333-05 6.929-07 1.101-02 10559-04 1.121-02 ~ :r-
ot 8.0"1-08 1.655-06 1.164-01 10 786-0 3 3.842+01 5.&88-01 3.909+01 4 .81CJ-l ~ 3.383-05 5.191-07 1.117-02 10595-04 1.136':02 :c 
~ 1.000-09 1.059-06 9.579-02 1.428-C3 3.877+01 5.570-01 3.942+01 3.078-10 2.184-05 4.150-07 1el?7-~2 1.619-04 1.146-02 0 

'" 1.500·09 .£a7~e-07 6.69n-0~ 9.512-04 3.928"01 5.693-01 3.992+01 10368-10 1.944-05 2.765-07 1.H2-0? 1.655-04 1.160-02 -I .. 2.001).09 2.6/,8-07 5.178-02 7.131-04 3.956+01 5.762-01 4.019+01 7.t96-11 1.505-05 2.073-"7 1e1511-0? 1.675-04 1.168-02 0 
:" Z 
g 

3.000-09 1.177-07 :l.6~0-O2 &.752-04 3.986"01 5.'136-01 4.01.8+01 30&21-11 1.046-05 1.381-07 101%-02. 1.696-04 1.177-02 
CIt 

a I. .OO~·()9 6.620-08 7. .779-02 3.563-04 4.0C7."Ol 5.881-01 4.064+01 1.924-'1 a.077-06 1.036-07 1.163-0? 1.709-0'4 1.181-02 

1 5.0110-09 4.237-08 2.272-n2 2o!l50-04 4.012+01 ~.90li-O' & .073+01 1.231-11 6.603-06 8.283-0a 1.166-[)2 1.717-04 1.184-02 

< 
& .000-0" 2.942-0R 1.927-02 2.375-04 &.019"01 5.926-01 4.080+01 6.551-12 S.601-06 6.903-08 10168-02 1.722-04 1.186-02 

l!-
l'.oeOd)9 1.655-08 1.484-02 107~1-04 4.028+01 5.951-01 4.089+01 ,.810-12 •• 313-06 5. 176-08 1.171-02 10730-04 1.188-02 

1.000-10 1.(l59-(l~ 1.212-02 1.425-0& t . • 034+Q 1 5.967-01 4.095+01 3.~78-12 3.523-Q6 4 .142-~f< 101n-0~ 1.734-~4 1.190-02 

:!' 1.500·10 4.708-09 8.376-03 9.497-05 4.042'01 5.988-01 4.103+01 1.368~12 2.434-06 2.760-08 1.175-07 1.740-0!. 1.192-02 

Z 
2.000-10 2.61.8-09 6.44~-O3 7.123-C5 4.047+01 6.(.\01-01 1..101'-01 7.696-13 1.812-06 2·0 7 O-OS 1.176-02 1.744-"4 1.194-02 

!' 3.000-,0 1.177-09 4.441-03 4.748-05 4.0S1+01 6.013-01 4.112+01 30421-13 1.291-06 1.380-08 10 177-02 1.748-04 1.195-02 

~ 
6.nor.-10 6.620-10 3.40Q-03 3.561-05 4.C53+01 6.020-01 4.114+01 10924-13 9.918-07 1.035-08 10178-02 1.750-04 1.196-02 

5.000-10 4.237-10 2.776-03 2.849-05 4.055+01 6.G25-01 4" 16 -01 1.231-13 B .(;68-07 8.2aO-09 1.119-0Z 1.751-04 1.196-02 

:0 6.000-10 7.962-10 203&7-03 2.374-05 4.1156+01 6.Q2~-01 4.117+01 &.551-14 6.821-07 6.90P'-!J9 1.179-02 1.752-0& 1.196-02 ... 
CD 8.00Q-1O 1.655-10 1.800-03 1.7~0-OS 4.0~7+01 6.031-01 40117+;;1 4.810-14 5.232-07 5.173-09 1.17'l-07 1.753-04 1.197-02 h) 

0 t.OOO-11 1.059-10 1.464-03 1.424-05 4.05P+Cl l·.O33-01 4.118+01 30078-14 A.255-07 4.139-(,9 10 17<;-02 1.753-C4 1.197-02 UI 



i.... TABLE 6. Cross sections and mass attenuationcoefficienta for the individual and totai'pboton atorninterLction processes, 1. MeV to 100 GaV, :: 
:l! Z=l to lOn-Continued . ~ 
~ 
~ 83. SI, BISMUTH HOllIe WT·,= 208.9804 HSIJ/j(G .00028816 eARNSIATOII ,fULTIPlYHS~/K(; BY 10 FOR ellSO!G 
:r 3 PHil PRODUCT ION PAIR PRODUCTION 
• SCHTERING SCATTERING 
.: PHOTON P~OTO- NUClEH ELECTRON TOTAL P'IOTO- NUCLEAR ELECTRON TOTAL 

:'" ENERGY COHEREIH INCOHER. ELECTRIC FIELD fIELD COHERENT INCOHER. ELEClRH FIELD FIELD 

o . . J EV BIAToll B/ATOt' aiATOM P./ATOII BIATOM B/ArOH MSO/ICC IIS0lKG IISI)II(G HSCJ'KC !lSIl/KC· HSIl/KG 

< 1.~D(j·06 1.067>00 1.73'U01 6.~77+CO o.ooe O.C(lO 2.503+01 3.075-04. 5.011-03 10895-0·3 O.O~1' 0.0011 7.214-03 
2. 1.072>06 1.023+00 1.721+V1· b.<95+.0~ 0.00&. o.ooe 2.453+01 2.948-044.959-03 1.81A-r3 O.COL O.OOu 7.068-03 
• 10250+06 6.891-~1 1.559+01 4.247+r.0 1.346-01 O.OCO· 2.066+01 10986-04 4.492-03 loZ2t.·-C3 3.8·73-0, 0.000 5'954~03 

_>lj 1.5QO>06 ·4.1'12-01 1.419H1 3.C2S~OO 6.438-01 11.·000 10834+01 1.387-04. 4.089-03 8'717';'O~ 1e855-0~' O.COO 5.285-03 
Z 7.000"06 2.723-01 1.213+01 "~29.00 10936+00 0.000 10617+01 7.1147-05 3.495-03 ~.271-01 5.579.,04 0.00" 4.659-03 
9 2.1'1.4+06 ?608-01 1.108+1l1 1.;63+002.049+1)00.000 1.605+01 7.515-05 3.452-03 5.0~.fI';'01 5.904-04 0.000 4.626-03 
"" 3.000~0" 1.217-01 9.S5SHO. 9.~59-0't 4.2·15+CO 3.338"'03· 1041!5+01 3.507-05 2.753-03 2~755-0~ 1.2'5-C~ 9.619-07·4.279-03 
- 4.000-06 6.856-02 7.975+00. 6.2S6-C 1 6.037+0~, 1. 360-0? hI. 72+~1 1o'i76-05 2.298-P3 1oBC3-0l 10 74{l-O~ 3·.919-06 4.242-03 
; 5.000006. ~.392-02 6.889+00 t..~8£-~1 7.563+00 Z.705~02 1,498+01 1.266~05 1.985-13 1.321-04 2.170-03 7.795-Q6 4~317-b3 
~ 6.00~'C6 3.052-02 6.090+00 3.~91-01 8.S78+0C 4.147-02 1.540+G1 8.795-06 1.755-63 1.035-0~ 2.558-03 1.195-05 4.437-03 
D 7.0CO.06 2.021.3-02 5.475.00 2.~40-01 1.fHi4+01 5.5!lC':'(l2 10589+01 6.463-06 10578-03 S.I.72-0! 20893-0~· 1.608-05 4.578-03 

8.000.06 1.717-bz 4.983+00 Z.lR3-C1 1~C8+01 ~~964':'02 1.64n+01 4.948-06 1.136-03 7.155-05 3.193-0~ 2~OC7~05 4~7?5-03 
9.00()+06 1.357-02 4.Sp.HeO 2.146.,.01 1.203+01. 8.286-02 ;.692+01 ·3.910-:06· t.320:'03 6.184-0~ 3.467-03 2·.388-05 4.876,03 2 
1.ryOP>07 1.099-02 4.244+1)0 1.HI8-:01 1.2~0+01 9.539-1)2 1.7&4+01 3.167-(16 102<'3-03 ·5./41-05 3.717-0~ 2.749-05 5.025-03 CD 
1.100007 9.087-03 3.959+00 1.t83-D1 1.7 71+01 1.0n-01' 10795+01 2.619-0f 1.141-03 4.850-0~ 3.951-03 3.089-05 S.17~-03 aJ 
1.26P'07 7;636-03 3.713+00 1.518':'01 1.446+01 10184-01 1a845+ill 2.200-06 1.070-03 4.314-()S ·4~167-03. 3.412-05 5.317-03 m 
1.3110_07 6.507-03 3.498+00 ·1.382-()1 1.517+1l1 1.288-01 1.814+01 1.875-06 10008-03 :;.91'2-05 ·4~·.H1-0~ 3.712-05 5.458-\)3 1= 
1.'00_07 5.611-03. 3.309+0P 1.2~f~01 1.5S3+01 1i388-01 1.941+01 1.617-06 9.535-04 3.654':'O~ '~562-0! I.eoo-os 5.593-63 • 
1.500.07 ~;888-03 ! .• 142+00 1.171-01 1.64~+01 1.482-01 ·1.985+01 1.409-06 9.054·-01. 3.371.-0S 4.P·7~OZ 4.271-05 5.121-03 (i) 
1.600.07 4.<96-03 2.992+00 1.~88-01 1.7t2+01 1.571~n1 2.0028+01 1.238-96 8 .• 622,.01 :s.135-0!· 4.905-0:" 4.527-05 5.E45-0.3 .. ; .. 
1.80N07 3.394-03 2.735+00 ·9.521-02 1.806+01 1.735-01 2.101+01 9.7BO-'7 7.&81-04 2~74t.-OS 5.20h-0:'! ~.OOb-05 6.071-03 ;> 
2.000>07 ;>.750-03 2.522+00 ~.<H-C2· 1.1398+01 1.885-01 .2.178+01 7.924.,.07·7.267-04 2.t.38-05 S.469';'0~ S.432-~S. 6.~276-0.~ ~, 
2.200;'07 2.272':'03 2.343+00 7.613-02 10962+01 2.02.1-01 2.2U .. 01 6.S47-07 6·.75;>-04 ·2'.194-0~·· 5.711-03 S·'P.24-'.05 6.467-03 • 
2.400007 ·1.909-03 2.189+0P 6.0 17-02 2.059+01 2.145-01 2 .• 306+01 5.50·1'-07 6.308-01.·10'193-05 5.9;3-03 6'181-05 6.646-03 )00 
2.600007 1.627-03 2'056+00 6.338-02 2.12<;.01 2 .• 260-01.· 2.364+oi 4.(81)-07 5.925-04 1;826-05 6.13·5-03 6.512-~5 6.811-03 Z 
7..800107 1.403-03 1.930+0(\ 5a47-02 20193 ... 01 2,366,.<'1· 2.417+01 4.043-07· 5.58\-04 1."85-0~, 6.319-03 6.818-05 6.964-03 O· 
!.nOO-07 1o;?l2-'03 1.836+0(\ 5~1.27:-0? 2.252+01 2.~65-01·· 2.466+01 3.521-07 5.291-Ok 1.564-05 60489-,:0:' 7.103-05 7.106-03 .-

·4.000>07 6.874-04 1.459+00 3."0-02 2.£93+01 .2.670~01 2.672+01 1.9~1-.7 ~.2D4-0' 1.150~Q5 7.18£~n3 s.210-05 7~699-03 ~ 
5.01\0>01' 4.400-04 1.218+00 3.'5/-02 2.672+01 3.17'~01. 2.1\29+01 1.26/;-07 3.510-QA 9.0e9-ot· 7.70~~O;\ 9.146-05 8',151-03 :; 
6.~OO>07 :!.055-04 1.049+00 2.607-02 2.611+01 3.413_n1 2.953+1)1 8.803-'08 ~.023-04 7.512-0~ f •• lO~-(n 9.835-:05 a.50a-03 ::u 
8.VOOt07 ,·,719-04 8.27.6-01 1.'35-02 3 .015+~1 3.769_01 3.137+01 4.954-08 2.3RS-04 5.S/6-0t 8.61\8-03 h08t-Ot.., 9.041-03 a:I 
1.~nCt08 1.100-04 6.~e9-01 1.539-02 3.159+01 4.026-61 3.269+01 3~170-08 1.979-34 4.435-f6 9.103-&3 1.16~-~4 9.4?1-03 ~ 
105'Ot08 &oSSR-OS 4.892-01 1;t17-02 3.38H01 ~.'45-01 3~l80+01 1.409-0~ 1.·410-04 2.931-06 9.7""':'03 1.2e1~04 1.003-02 
2.000t08 2.750-05 3.836-01 7.597-03 3.521+01 4,705.:.01 3.607+01 7.924-09 1.105-04 2.189-06 10015-02 1'356-r.4· 1.039-02 
3.0~Ot08 1.222-05 2.719-~t 5.043-03 3.677+01 5.019-01 3.755+01 3.521-09 7.835-05 1.453.,06 1.060.,.0? 10446..,04 1.082-02 
l.aoDi08· 6.874-06 2.120-01 3.175-03 3.767~01 5.20~-01 3'~"+01 i.981-09· 6.135-95 1.088-06 1.086~OZ 1.500-04 1~107-.~ 
s.oeD-OB· £.400-06 1.762-01 3.116-03 3.825+01· 5.331-P1 3.896+01 10268-09 ·5.077-05 8.691~07 10102-02 1.536-04 1.123,.0, 
6.()OOo08 3.055-06 1.509-01 2.511-03 3;667+01 5.&23':'01 3'.937+01 8.803-10 4.348-05 7.236-07 10114-02 1.563-04: ti134-C." 
e.OOlltOr h719-h6 1.1,79-C1 lot81.-C3 3.923+~1 5.550-01 3.990+01 4~954-10 30397-1l!' S.420-.()7.1.130-02 1.599-01. ,..,50':'02 
10060_09 1.100-06 9.696;-02 1.51)&-03 3.959,.(;1 5.633-'01·1..025+01 3.17(;-10 2.194':'05 4.334-07 10141-02 10623·-04 1 ~160-1i2 
1.5~O.09 ,.~B.-1l7 ~.772~n2 1.'02-0! 1..011~~1 5.757-01 4.075+01 1~409-10 '~951-d5 2.887-67. 1.1S6~~2 1~659,.04· 1.174-02 
7'.00"+09 2.750-07 S.2t.1-02 7.SH-OI. 1..039+01 5.8'27-01 ·'4.103>01 7.924'-11 1.511)-0.5 2'164-()? 1.164-02· 1.67·9-04 1.182-02 
3.000-09 ,,222-07 3.646':'02' 5 •• 05-04 ~.t7n+Ol 5.9G2~01 4~133+01 j~521-11 1.050-05 ,.442 i Or i~173-0? 1~7"-04 1~191~02 
·,.COO+09 .6.814-08 2.813-02 3,.753-01. 4.086+01. ·5.947'-01 .4.il.8+01,· i.98·'-11 e.106-06 1.081-07.1.17.7-02·1.714-04 1.195-02 
5.nOO+09 ·1..400-08 2.300·-02 3.00.2-04 4.097+01 5.974~01. 4.159+01 1.268-11. 6.~28-06 8j651-0t :1.18,1-02 1;.'721-04 1.198-02· 
~.00!1+09 3.055-08 1.950-0? 2.,02-04 4~104~01. 5.993-.111 40166+018.803-12 S.619-f,6 i'~;Ho':O! 10183':02 10727-04 1.200-02 

·s.noO+09 1,719-08 1.503-02· 1.876-01, 4.114+~1'. 6.rlll~01 .1.0176+01 ·4.954-12 4':·331-06 5.406.:'08 1.186.,.02 1.734-01 1.203-,:02 
1.0CO+10 1.100-0S 1.227-02 1~)01-04 4.120+01 6;034-01 4,182+01 3.170-12 3.536-06, 4.325-0&- 1.187-02 1.739-04 1.205-02 
1.500+10 4.888-09 8.478-0~ 1.oaO-04 ·4.128~01 6.055~Ol .4.189+01 1~409-~2 2.~43-36 2.882-0j 1~190-0? 1.745-04 ·1~207-02 
2.COO+10 2.750-09 6.51B-O~· 7.102-05 40132 .. 01.6.068-01 •• 193+01 7.<;·24-131.1'78-06 2.162-08 10191-02 10749-04 1~208-02 
3.000+10 1.222-09 6.495-03 S.H1-05 4i137+0·1 6.079-01' h198!01 . 3.521-13 1.295-0~ 1.44hOt· 1.19<,-02 .h752-04 10210-02 
,.000+10 6.874-10 3.451~03 :h751:..0S G.139+0'· 6.C1l7-01 ~.20iH01 1.981-13 9.945-07 10081-08 1.193-02 10754-04 10210-02 
5.600.,0 1.IOD-10 2.~10~03 3.~O'-.5 ·,.141+b1 6.092-0~ 4.262+01 1.268-13 8.097-07 8.648-09 1.193-02 .1.755-04 1.211-0~ 
6.000+10 3.055-10 2.376-03 2.;01-05 .. 40142+01 6.095-01 h203+01 8.803-14 f.8&7-07 7.207-0·' ,.,194-02 10756-04 1.211:..02 
P.GOO+1C 1.719-10 1.~22-d3 1.37S-05 •• i43.oi b.0?f-01 '~204+01 4.954-14 5~250-07 5.403-0' ·,.1 91-dz 1.757-04 1.211-02 
1.0QO~11 1.100';'10 1.41'!2-03 h;OO-05 4.1&'+01 6.100-0'1 •• 205+01 3.nO-'H 4'.?71-il7 4'322.c!li 1~194-0? 10158-04 1.212-02 



TABLE 6. CraBs sections and mllBB attenua;ion coefficients for t'te individual and total photon atom interaction precesses, 1 MeV to 100 GaV, 
Z = 1 to. 100-ContiXlUed 

l = ~&, PO, POLONIUM ~TOHlr ~T. = 2C8.QA2 HSO/KG .~002881t BARNS/ATOM MtiLTJPLV HSO/KG BY 10 FOR CMSO/G 

pnq PRODUCTION PAIR PROOUCTION 
SCATTERING SCATIER ING 

PH010N PHOTO- InClEAp. El ECHON TOTAL PHOTO- IlIUCLEAR ELECTRON TOTH 
E '1E~G Y COMBENT INCOHER. ELECTRIC fiE LO F IEll) COHERENT l!leOHER. ElECTRrt FIELD FJelD 

EI BIATOH B IA TOM III ATO I' UATOM B/HOM SIATOH HSO/KG MSO/KG HSO/~r, HSQ/K(; HSO/KG "SO/KG 

1.~O.~+06 1.107+00 1.760+01 6.943+00 o.uce 1.000 2.565+01 3.1YO-04 5.{'72-03 2.001-03 O.I)I)~ 0.000 7.391-03 
." » 

1.022+06 1.061+00 1.742+01 6.646+0~ 0.000 0.000 2.513+01 3.057-04 5.020-03 1.915-113 0.000 0.000 7.241-03 li 1.2~(+06 7.149-01 1.578+01 4.4A4'OO 1.388-01 0.000 2.112+01 2"060-04 4.547-03 1.292-03 4.00~-05 0.000 6.085-03 
1.S0C'C6 A.992-01 1.436+01 3.1S3+00 6.t67-'-01 a.ooe 1.872+01 1.438-04 4.138-03 9.201-0. 1.9<11-0& 0.000 5.394-03 -t 
?OO(+O6 2.P-?6-01 1.227,01 1.931+00 1.998+00 0.000 ~. 618+0 1 8.143-C5 3.536-03 . ~.564-n. 5.757-04 O.()\lO 4.749-03 :oa 
;>.OIH06 2.707-01 1.212+01 he61 +Oll 2.114+0~ 0.000 10637+01 7.801-05 3.493-03 5.363-0. 6.092-04 n.ODO 4.716-03 ::; 
3.00C+06 1.263-01 9.670+00 10009+ 00 4.329+00 3.378-03 1.514+01 3.639-05 2.787-ll~ 2.'108-04 1.247-03 9.734-07 4.362-03 .... 
4."~(+n~ 7.117-02 8.071 +IH) 6.599-01 6.18~+(\0 1.377-02 10500+01 Z.051-05 2.326-03 1.90Z-04 1.7~Z-03 '3.968-06 4.3n-03 m 

-t 
5.GO~·06 4.559-02 6.972+00 4.P34-Cl 7.738+00 2.73P-02 1.527+01 1.314-05 2.009-03 1.393-0l 2.2 ;0-03 7.890-06 4.399-03 . 
6.~OO·O6 3.168-02 6.164+90 3.786-~1 <; .078+00 4.196-0;> 1.569+01 9.129-06 10776-03 1.091-04 20616-03 1.209-05 4.522-03 » 
7.~ 00+06 2.328-02 5.541+00 3.100-01 1.026+01 5.646-n;> 1.619+01 6.708-06 1.597-03 8 .933-0~ 2.957-03 1.6;>7-~5 4.666-03 Z 
8.0 0~+06 1.783-02 S.C43+0P l.SlE-01 1.132+01 7.047-0Z 1.671+01 5.13f·-06 1.453-03 7 .5U-O~ ~.26;>-n3 2.031-05 4.816-03 0 
9.00r'06 1.4u9-02 &.636+00 2.262-01 1. ?2"+01 8.384-02 10725+01 4.060-06 1.336-03 6.518-05 3.541-03 2.416-"5 4.971-03 
1.0~0+07 1.141-02 &.296+00 1.~89-C1 1.31F+n1 9.652-Q2 1.778·r.l 3.Z88-06 1.238-03 5.732-05 3.791)-03 Z.7P.1-05 5.124-03 -t 

0 
t.l0N07 9.03-03 4.007+nr 1.774-01 1.400+01 1.085-01 1.830+01 2.718-0b 1.155~1J3 5.112-05 4.034-03 3.127-.05 5.274-03 -t 
1.200+07 7.977-03 ~.758+UO 1.600-01 1.477+01 1.197-01 1.882+" 2.284-06 1.083-03 1..611-1).5 4.256-03 3.449.,.05 5.422-03 :a:-
1. 30C+0 7 6.755-0:t 3.540+00 1.'56-01 1.549+01 1.303-~1 1.931 +01 1.947-06 1.020-03 4.196-01 4.464-03 3.755-05 S.565-03 .... 
1.400+07 5.825 -03 3.349+()0 1.n6-01 1.61 t.+0 1 1.404-01 1.979+01 1.679-06 9.651-04 3.1150-05 ".657-03 4 • 0 46 -'0 5' 5.702 - 0 3 » 
10500+07 5.074-03 3.1Bo+or 1.234-01 1.679.n, 1.49Q-Ol 2.025+01 1.462-06 9.164-C4 3.556-05 4.838-03 4.320-05 5.835-03 -t 
1.600+07 4.A60-03 3.028+00 10146-01 1.737+01 1.589-01 <.068+01 1.285-06 8.726-04 3.30Z'-05 5.005-03 40579-05 5.958-03 0 
10800 .. 07 3.524-03 2.761)+0~ 1.)03-{·1 1.1'£3+01 1.756-01 2.148+01 1.015-06 7.976-04 2.890-05 5.311-03 5.060-05 6.1S Q-03 ~ 
?OCO+07 ?854-03 2.552+00 e .~13-02 1.937+01 1.906-01 2.220+01 8.224-07 7.354-04 2.568-05 5.582-0~ 5.492-05 6.398-03 n 
7. UO.07 Z.359-03 2.371+01) 8. ~18-0 2 2.023+1)1 2.044-01 2.289+01 6.798-07 6.P32-04 2<310-05 5.829-03 5.890-05 6 .5Q 5-03 
2.400+07 1 .ge2-0 3 2.215+00 7 .285-02 7..101+01 2.170-01 2.352+C1 5.711-07 6.38:3-04 2.099-fJ5 6.054-03 6.253-05 6.777-03 n 
2.1>00+07 1.689-03 2.080+00 6.075-02 2.173+01 2.286-01 2.411+01 4.867-07 5.994-04 1.923-05 ~.262-03 6.587-05 6.947-03 ;IV 

2.800+07 1.456-03 1.962+00 6.158-02 2.238'01 2.393-01 2.464+01 4.196-07 5'.654-04 1.774-05 6.449-03 6.M6-0S 7.102-03 0 
3"000+07 1.269-03' 1.858+00 S.715-02 2.299+01 2.493-01 2.516+01 3.657-07 5.354-04 1.647-0~ 6.625-03 7.184-05 7.249-03 en 

en 
4.000+07 7.137-04 1.477+00 4.202-02 2.545+01 2.902-01 2.726+01 2.157-07 4 .256-~4 1.211-05 7.3"4-03 8.36;>-05 7.855-03 
s.000+07 4 .S67-~4 1 .213+0~ 3.321-02 2.728+01 3.209-01 2.!l87+01 1.311\-07 3.553-04 9.570-06 7.861-0~ 9.;>47-05 8.319-03 '" m 
6.000+07 3.172-04 1.062+00 ;>.7&5-02 2.870+01 3.451-01 :.013+01 9.140-08 3.060-04 7.910-0~ 8.270-03 y.944-05 8.684-03 n 
8.000+07 1. lS4-04 8.376-01 2.0)37-02 3.C78+01 3.811-01 ,.202+01 5.141-08 2.414-04 5.870-0t, 8.870-0~ 1.0-'8'-04 9.227-03 -t 

,. 00C+08 1.142-04 6.952-01 1 •• 20-02 3.22HOl 4.071-01 ,.336+01 3.291-08 2.003-;)4 1,.668-0~ 9.290-03 1.173-0& 9.b13-03 0 
1.500+08 5.015-05 4.951-01 10<171-02 3.456+01 4.495-01 ~.552+01 1e462-0A 1.427:-04 3.0P.6-IH 9.9S9-0~ ""95-04 1.023-02 Z 

~ 2.r.00+08 2.854-05 3.8e2-01 7.998-03 3.594+01 4.757-01 ~.681+01 8.224-09 1.119-04 2.305-06 1.036-07. 1.311-04 1.061-02 en 

... 3.000+08 1.269-05 2.751-01 5.J09-03 3.154+01 5.075-01 ,.833+01 3.657-09 7.927-05 1. 530-0~ 1.037-02 1.462-04 1.1~&-C2 ." ... 4.000+08 7.136-06 2 • 1~ 5-01 3.973-03 3.845+01 5.263-01 3.920+01 2.056-09 6.210-05 1.145-C~ 1.101:.~O2 10517-04 "'29-02 0 
~ 5.0nO'OR I •• 567-06 1.7PI-Ol 3.175-03 3.<;05 +( 1 5.391-01 3.977+01 1.316-0Q 5.141-05 9.,49-07 1.125-02 1.553-04 1.146-02 :oa 
n 

6.0UO+08 3.172-06 1.527-01 2.043-03 3.948+01 5.41'5-01 4.018+01 9.140-10 4.400-C5 7 .616-~1 1.1 :":1\-02 1.581-04 10 158-02 

... ~.O()O+08 1.784-06 1.193-01 1.980-03 4.0r5+01 5.613-01 £.073+01 5.141-10 3.4~8-0t; 5.706-" . 1.B4-a? 1.617-04 1.174-02 ." .. 1.0PO'09 1.142-06 9.813-02 1.583-03 4.042+01 5.697-01 4.109+01 30291-.1!) 2.828-05 4.562-07 1.165-02 1.64Z-~4 1.184-02 ::I: 
3 0 

1.500+09 5.075-07 6.853-02 1.055-03 4.095 +0 1 5.822-01 4.160+01 1.462-10 1.975-0 S 3.0£0-07 10180-02 10678-04 1.199-02 -t 

'" 2.000>0-' 2.854-07 5 .304-0;> 7.907-04 4.121.+01 5.893-01 £.188+01 l!.n4-11 1 .57!l-0 5 2.278-C7 1.188-0? 1.698-04 1 .207-02 0 
~ 3.00C+09 1.269-07 !.6Il8-02 5.269-0& 4.155+01 5.969-01 4.218+01 3.657-11 1.C63-05 1.518-01 10197-02 1.729-04 1.216-02 Z 
D 

4.000+09 7.136-0e 2.847-02 3.951-0& 4.172+01 6.(115-01 "235+01 2.056-11 8.204-06 1.13<;-01 1.202-02 1.733-04 1.220-02 en 
Q 5.000-09 4. 56 7-0~ 2.328-02 3'.160-04 4.H,3+01 6.042-01 4.246 +!ll 10316-11 6.708-06 9.1 06-'O~' 10205-02 1.741-04 1.223-02 
'j 6.~aC+09 30172-08 1.974-02 2.b33-04 4.190+01 6.C61-01 4.253+01 9.14C-12 5.688-06 7.587-0t 1.21)7-02 1.747-04 1.225-0;> 

< 8.00r'09 1.784-08 1.521-0Z 1.975-0A 4.200+01 6.~86-C1 h262+01 5.141-12 4.383-06 S.6'fl-0S 1.211)-02 1.754-04 1.22~-02 

lL 1.000,10 1.142-08 1.242-02 1.580-04 4.206 + 0 1 6.103-01 4.2611+01 3.?91-12 3.579-01> 4 .553-Cf 1.212-02 1.759-04 1.210-02 
1.S0n+l0 5.075-09 8.580-03 1 •• 53-04 4.214+01 60124-01 4.276+01 1.462-12 2.472-06 3.034-0S 1.214-02 10765-04 1.232-02 

!' 2.000,10 2.854-09 6.597-03 1.'97-05 4.21°+01 6.137-Q1 4.281+01 8.;>24-13 1.901-0b 2.276-0$ 1oZ16-02 1.768-04 1.23&-02 

z 3.1)00.,0 1.269-09 4.549-03 5.26S-0S 4.22&+01 6.149-01 &'2e6+01 3.657-13 1.311-06 1.S17-ns 1.Z17-02 1.772-04 1.235-02 

!' 6.00C"0 7.136-10 3.493-03 3.'48-1)5 4.226+01 6.157-01 4.Z88+01 2.056-13 1.007-06 1.138-r~ 1.21P-02 1.7i4-04 1.236-02 

!-
5.000·111 4.567-10 2.8&4-03 3.<59-05 4.271'+01 6.162-01 4.290+01 1.316-13 8.195-07 9.1(13-09 10218-02 1.776-04 1.236-02 
6.000',0 3.172-10 2.40&-03 7..1>32-~5 4.229+01 6.164-01 4.;>91+01 9.140-14 6.927-07 7.584-09 1.219-02 1.776-04 1.236-02 

:;; 8.000+HI 1.7114-10 1.843-03 10·74-05 4.230+C1 6.167-01 4.292+01 5.141-1& ~.311-07 5.61'8-09 1021Q-02 1.777-04 1.237-02 
1.COO>11 1.142-10 1.500-03 1eH9-05 4.2:!1+01 6.170-01 4.293+01 3.291-14 4.322-07 4.55<)-09 1.219-02 10 778-04 1.237-02 

.., 
0> .... 
0 



!-' TABLE 6. Cross sections and ma.~s attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV. --... Z= 1 to toO-Continued toI 

~ • 
n 
:r 85, AT, A~TATINE ATOHlr ~T. = 209.9R7 H50IKG .00t28678 BARNS/ATOH HULT1PLV "SO/KG EV 10 FOR CHSO/G .. 
~ 
011 

PAIR PRODUCT IO~ PAIR PROCUCTION 

ll- SCHTERJNG SC A TTER ING 
PH(J TON PHOTO- NVClfAR ELECTPQN TOTAL PHOTO- NUCLEAR ELECTRON TOTH 

" E~ERGY COHERENT '!lCOHER. fLECTP Ie F 'ELO 
D 

I IE LC· COHERENT IIiCOHER. ELHTRlf FJELD FIElD 

.0 EV BIATO,", B/HOM 1\ IlTO~ R fA, OM en TOW B fA TO" MSO!~G MSO/K" MSO/KG HS~/KG HSO/KG HSO/KG 
<: 
!t foOOO-o~ h 1&8- DO 1.781+01 7.325_00 0.0 or o.coo 2.628-01 3.292-,04 5.108-03 2.101-03 0.000 o. UOO 7.537-03 

.0 1.C2Z-01i '.100+00 1.762+01 70012_00 0.000 0.000 2.573+01 3.155-04 5.053-03 2.011-03 r..O~O o.roo 7.379-03 . 10250-06 7.4U-01 10596'01 Go732+0~ 1~432-01 0.000 2.158-01 2.126-04 4.577-03 1.357-0;< 4.107-05 o.COO 6.188-03 
Z 1.500_06 5.178-01 1.453-01 3.369_0D 6.900-c1 0.000 1.911+01 1.48\-04 4.1('7-0~ 9.662-0' 1.979-0~ O. C 00 5.479-03 
~ ;>.OCO+06 ;> .932-01 10242+01 2.037+00 2.C62+00 ~.OOO 1.681+01 8.408-05 3.562-03 5.8(2-04 5.913-04 0.(00 4.62'-03 

• .r. 7.C44+0'" ;>.808-01 1.<27+01 1. 964+0~ 2.181+0n 0.000 1.670+01 8.053-05 3.S19-03 5.632-P' 6.255-04 O.~OO 4.7~8-03 

:'.O~0_O6 1.310-01 9.785+00 1.064+00 4.444_IiO 3.418-B 1.543+01 3.757-05 2.806-0;t ;! .0\1 -0/, 1.~7'-O~ 9.!i)2-~7 4.424-03 
;c; 4.00~_O6 7.386-02 8.167+00 ~.957-01 6.334+00 1.393-12 1.528-01 2.118-05 2.342-03 1.995-04 1.R16-0! 3.995-06 4.383-03 .. 5.0,10+06 ~ .732-0;> 7.055+00 5.095-01 7.915_00 2.770-0? 1.555+01 1.357-05 20073-03 1.4t1-04 2.27 O-,j ~ 7.~44-06 4.461-03 
0 6.000-06 3.288-0;> 6.237+00 3.990-01 9.278+00 4.246-12 1.5<19+01 - 9.4?Q-06 1.789-03 1.1L4-04 2 .6f.1-0? 1.ilb-OS 4.585-03 

7.00r_06 2.416-02 5.606+00 3.266-31 1.0~8_01 5.712-02 1.649_01 6.929-0t 10608-03 9.366-05 3.005-0~ 1.08-05 4.730-03 ::z:: 
8.r~n-06 1.250-02 5.103+~0 2.758-01 1.156+&1 7.129-12 1.703+01 5.301-06 1.463-0~ 7.9~9-0S 3.31~-03 2.f44-05 4.R83-03 c: 
".~OC_06 1.462-02 4.691+00 2.3e2-01 1.254+01 8.4P2-'2 1.757+01 ~.193-~6 1.345-03 6.1131-05 3.506-0~ 2.132-05 5.0;8-03 CD 
1000~+07 1.1R5-il2 4.347+00 2.095-01 1.345-01 ~.764-'2 1.812+01 3.398-06 1.247-03 t .0Of;-Q~ 3.P57-03 2.aOO-95 5.195-03 CD 

"' 1.10C+C7 9.7<;'1-03 4.054+~0 1.860-01 1.429+01 1.097-'1 1.865-01 c.8Ut-Of: 1.163-0~ S.3~7-05 4.09p-O": 3.14f,-05 5.349-03 ... 
1 .2~0+07. 8.228-03 3.~02"OO 1 .685-01 1.sr8+01 1.711-11 1.918+01 2.360-06 1.09C-C3 & .~~~-O5 4.325-03 :!.J73-C5 5.50~-03 r 
1.300+07 7.011-03 3.582+00 1.534-01 1.~P.1·O' 1.31 9-~1 1.968+01 2.01·-0~ 1.027-03 6.399-05 4.5~4-C! 3.783-05 5.645-03 

Ci) 1.400_07 6.0~5-C3 30389+00 1.407-01 1.6/,9+01 1.429-11 2.017+01 10 73A -06 9.719-04 4.0~5-05 4.7?9-0~ 4.C72-05 5.7~4-03 

1.srO+07 5.;>66-03 3.218+0C 1.29'1-01 1.713+01 1.516-.1 2.0(,3+01 1.510-06 9.2~9-04 3.725·05 4.913-0~ 4.348-05 5.918-03 i 
1.600+07 4.629-~3 3.064+00 1.207-01 1 .773' 0 1 1.607-11 2.101H01 1.:!2!-O6 8.787-04 3.4t1-05 ; .085-03 4.609-05 6.045-03 

~ 1.~00_O7 3.657-03 2.1>",+00 1.056-01 1.8&1+01 1.776-.1 20190+01 1.0H-06 I!.O:!3-0~ 3.02P-05 5.394-03 5.'93-05 6.;<60-03 
2.000-07 2.963-03 2.583+00 9.383-02 1.977+01 1.ne-ll 2.264+01 8.491-07 7. 401l-0 4 2.691-05 5.670-03 5.529-05 6.493-03 

~ 
".200+ 0 7 2.4~P.-03 2.399+00 11.440-02 2.065+01 2.067-' 1 2.334+01 7.020-07 6.88()-04"_ 2 .420-C5 ~.n2-03 5.nS-C5 t>.69&-03 
2.400+07 ;> .05 7-0 3 2.2~2+00 7 .. 669-02 2014&+01 2.195-01 2.398+01 5.89Q-07 6.43n-0~ 2.1?9-0S t .14 9-0 ~ 60295-05 6.877-03 Z 
2.6Qr+07 1.753-03 2.105+00 7.026-02 2.217'01 2.312-11 2.4se+01 5.027-i)7 6.037-C4 2.015-05 6 .3~8-C3 6.130-05 7.0~9-03 

C 

2.800+07 1.512-03 1.986+00 6.482-02 2.284-01 2.421-., 2.~13+01 4.336-07 5.695-04 1.859-05 6.550-0? 6.943-05 7.208-03 $ 
3.000+07 1.317-03 1.~PO+O~ 6. 015~02 2.346+01 2. S 2 1 -~ 1 2.565+01 3.777-07 5.391-04 1.725-05 6.778-03 7.nO-05 7.357-03 < 
4.000'07 7.407-04 1.494+00 4 .422-~2 2.597+01 2.935-~1 2.780+01 2.12A-07 4.285-04 1.268-05 7.&48-~~ e.417-05 7.973-03 m 
5.000+07 4.741-04 1.247_00 3.495-02 2.764+01 3.2&5·11 2.945+01 1.360-07 3.576-04 1.002-05 7.QP4-03 9.30ti-OS 8.445-03 :l1li 

CD 
6.000+07 3.292-04 1.075-00 2.88l1-tl2 2.9,,1\+(;1 3.489-')1 3.073+01 9.441-08 3.083-04 a.2S2-06 8.:397-03 1.001-04 8.81&-03 & 
8.000+07 1.852-04 8.476-01 2.144-C2 3.141+01 3.BS3-)1 3.266+01 5.311-08 2.431-04 6.119-06 9.0~8-03 1.105-N 9.368-03 
1.000-rs 1.1R5-04 7.035-01 1.704-(,2 3.290+01 4.11(,-')1 3.403-01 3.3\18-011 2.018-04 4.887-06 9.435-03 10180-04 9.760-03 
1.5ro+oe 5.268-05 5.010-01 10127-02 3.527-01 4.544-~1 3.624-01 1.511-08 1.437-04 3.232-06 1.011 -02 1.303-04 1.039-02 
2.00~_08 2.963-05 3.928-01 8.415-03 3.667+01 4.810-')1 3.755+01 8.497-09 1.126-04 2.413-06 1.057.-02 1.379-04 1.077-02 
~.OCC+08 1.317-05 2.784-01 5.586-03 3.831-01 5 .131-~1 3.911+01 3.777-09 7.984-05 1.602-06 1.099-02 1.A71-04 1.122-02 
4.000+08 7.407-06 2.180-01 4.11J1-~3 3.924+61 50322-')1 3.999+01 2.121-09 6.;'>52-05 10199-06 1.125-02 1.526-04 .1.1£7-02 
5.0~0_08 4.741-06 1.e05-01 3.340-03 3.985+C1 5.451-') 1 4.058+01 1.360-09 5.176-05 9.519-07 1.143-02 1.563-04 1.164-02 
6.0l0_08 ~ .292-06 1.545-01 2.781-03 4.029+01 5.S41'-~1 4.1{)O-\I1 9.441-10 4.431-05 7.975-07 1.155-02 1.190-04 1.176-02 
~.QO~+08 1.852-06 1.7.07-r1 ~.0@4-03 4 .0~7+0 1 5.675-~1 40156+01 ,.311-10 3.461-05 5.977-07 1.172-02 1.627-04 1.192-02 
1.000+09 1.1S5-~6 9.930 -02 1.666-03 4.125+0' S.761-~1 40193+01 3.398-10 2.~48-05 4.778-07 1.183-02 1.652-04 1.202-02 
1.500_09 5.26P-07 6.935-0? 1.110-03 4.179+01 5.888-11 4.245+01 1.511-10 1.989-05 3.U3-07 1.198-02 1.689-04 1,.217-02 
2·a~0+OQ 2.963-07 5.367-02 8.319-04 4.209+fl 5.959-')1 4.274-01 8.4"7-11 1.539-05 2.386-07 1.2 07-02 10 109-04 1.226-02 
3.000+09 10317-07 3.7'12-92 5.543- Q4 4.241+01 ~.O3l'-~1 4.305-01 3.717-11 1.(170-05 , .5'0-07 1.216-02 1.731-04 1 .235-02 
4.000+09 7.407-08 2.881-02 ~.157-04 4.258-01 6.C82-'1l 4.322+01 2.'24-11 8.262-06 1.192-07 1.221-0;> 1.744-04 1.239-02 
5.0C\l_09 4.741-08 2.355-07. 3.325-C4 4.7.69+Q1 6.110-)1 4.332+01 1.36&-11 6.754-06 9.5:15-0P 1.27.4-02 1.752-04 1.242-02 
~.000+C9 3 .?92-0~ 1.90;,7-02 2.770-04 4.277+01 6.129-')1 4.340+01 9.441-12 5.727-06 7.944-08 1.227-()? 1.758-04 1.245-02 
~.000+09 1.852-08 1.539-02 2.078-0~ 4.2b7+Cl fo15S-)1 4.350+01 5.311-12 4.414-06 5.959-01' 1'.229-02 1.765-04 1.248-02 
1.000.10 1.185-08 1.256-02 1.662-{)4 4.20;,3-01 6.171-')1 4.356+01 3.393-12 3.602-06 4.766 -08 1.231-02 1.770-04 1.249-02 
1.5rO+10 5.268-09 8.~82-03 10 108-C4 4.30"-01 60193-1 1 4.365+01 1.511-12 2.490-06 3.178-08 1.236-'02 1~776-U4 - 1.252-02 
2.roo_10 2.963-09 6.675-03 8.309-05 4.306+01 6.'.06-,)1 4.369-01 8.497-13 1.914-06 2.3H3-0a 1.235-0<' 10780-04 1.253-02 
3.000+10 1.317-09 4.b03-0~ 5.539-05 4.311+01 6.218-'" 4.374+01 3.777-13 1.320-06 1.5SIl-GlI 1.n6-1l2 1.783-04 1.2'51.-02 
4.000+10 7.4C7-lry 3.534-03 4.154-CS 4.314+01 6.226-)1 4.377-01 2.124-13 1.013-06 1.191-08 1.2~7-02 1.786-04 1.255-02 
S.COO+10 4.741-10 2.878-03 3.323-05 4.315+e1 t.231-l1 6.37ll+01 1.360-13 8.254-07 9.530-09 1.237-0::- 1.787-C4 1.255-02 
6.COO+10 3.292-10 2.433-03 2.769-05 4.316+C1 6.233-)1 4.379.01 9.441-14 6.977-07 7.941~~S 1.<,~~-0?' 1.788-04 1.256-02 
~.0()0_10 1.!.'52-10 1.865-03 7.077-~5 4.318+01 6.237-)1 4.381+01 5.311-1~ 5.348-07 5.956-09 1.2:'8-02 1.71l9-04 1.256-0;'> 
10000_11 1.185-10 1.5111-03 1.662-05 4.319+01 ~.239-)1 4.3e2_01 3.39R~14 40353-07 4.766-09 1.2~"-1l2 1.789-04 1.251-02 



TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon at,m interaction processes. 1 MeV to 100 GoV, 

Z=l to 100--Continued 

86, R~. RADON ATOMIC WT, ~ 222,018 IISO I~G .0002712& eAR"S/ATOM MULTIPLY MS'/KG ~y 10 FQ~ CMSO/G 

PAIR PROGUC110N fAIR PROIlUCTtOM 

SCHHRING SCHTERINC 

"H(lTOII PHOTO- 'IUCLEH ELECHON TOTAL PHOTO- NUClEAR E Loe TROll lOTAl 

E MERG Y COHERE"T INCOHER, EUcTR Ie FIELD FIElD rOHERENT rNCOHfR. HECTR JC FIEll) FIELD 

EV BI ATOM BIATOM B IATO" BIATOM • B/ArOM 8/ATOH HSO/l(G HSOIIIG MSCI/KG IISO IK (; HSO/KG "SOIKG 
." 

10000+06 1.190.00 1.P-Ol'01 7.724+00 0.000 0.000 2.69<'>01 3.228-04 4oU5-03 2.095-03 0.00 r 0.000 7.303-03 ". 

1.022·06 1 .140.00 1.783+()1 7.3%+00 0;000. 0.000 2.636'01 3.0~2-~4 4.S16-0:< 2.006-03 o.~c ~ o.OOu 7.151-03 §; 
1.250+06 7.687-01 1.615+01 4.991.00 1.477-01 0.000 2.206'01 2.085-04 4.~t1-03 10354-03 4.t06-05 0.000 5.983-03 

-I 
1.500+06 5.370-01 10 470+(\1 3.553+cn 7.139-01 0.000 1.95!1>01 10457-0& ~.9H-03 9.637-04 1.n6-04 I) .000 5.290-03 :IICI 

2.000+06 3.041-01 1.256+01 2.148.00 2.127+00 0.000 1.714'01 8.248-05 :! .497-03 5.826-04 5.76<)-04 D.ODO 4.6(1)-03 ;i 
~.CU+06 7.'113-01 1.241+01 2.070+0C 2.14'1.00 0.000 1.7l'?'01 7.'1t1-05 3.3t6-0~ 5.615-04 6.100-04 O.DOIl 4.617-03 

3.00~·06 1.359-01 9.899+00 1.121+00 4.561+00 3.&58-03 1.572'01 3.6S6-05 2.ta5-0 3 3.041-04 1.137-()3 9.380-07 4.264-03 '" 
4.000+06 7.663-02 8.263+00 7.3,0-01 6.485+rl) 1.409-02 1.557.01 2.0i9-05 2.2.1-03 1.%13-04 1.159-03 3.822-(\6 1 .. 224-03 :" 

5. 000'06 4.910-02 7.138+CO ~.367-01 8.0Si3'00 2.80;>-02 1.584.01 1. ~~2-05 1.'116-03 1.456-tll, ? .f95-()3 7.600-06 4.2'18- 03 ,. 
60000+06 3.411-02 6.310,00 4.202-~1 9.4~0+00 4.295-D2 1.62'h01 9.252-06 1.712-03 1.140-04 2.571-03 10165-05 4.418-63 Z 
7.0CO+OfJ 2.507-02 5.672,00 ~.439-01 1.07~+C1 5.778-02 1.680'01 6.800-06 1.538-03 9.328-05 ~.H);>-03 1.56 i'-05 & .557-03 a 
e.OOO+06 1.920-02 5.163+00 ?090~-01 1.1RO+01 7.,?12-P2 1.73&061 S02C8-06 1oHO-v3 7.874-05 3.201-£1, 1.956-05 1..705-03 

".000+06 1.517-02 4.746+00 2.508-01 1.280+01 8.580-02 1.790>01 4.115-06 1.237-03 t.e03-05 3.~ 7~-O ~ 2.327-05 4.!i55-03 -f 

1.000+07 1.229-02 4.3Q!I+00 2.205-01 1.373+01 9.877-02 1.846+01 3.334-06 1.193-03 ·5.~E1-IlS 3.124-03 2.679-05 5.007-03 9 
1.100,07 1.016-02 4.102+00 1 .966-G 1 1.459+01 1.110-01 1.901>01 2.756-06 1.113-03 5 .~33-P5 3"57-~~ 3.011-05 5.156-03 ,. 
1.200+07 £ .538-03 3.847+r·o 1.773-~1 1.538·~1 1.225 -01 1.954.01 ;> .-"6-66 1.0.3-03 4 .809-0 ~ 4.172-C3 3.323-r.5 ~ .29'1-03 .... 
1.:-:~0+07 7.275-03 3.624·0r 1.614-~1 1.b13·01 .1.334 -0 1 2.006>01 1.913-P6 9.830-(14 4.37b-OS 4oF5-~3 3.61e-05 5.440-03 ,. 
1.400+07 6.273-03 3.429,00 1.481-01 1.683+01 1.436-01 2.056>01 10 7(1-06 9.3,11-04 4.017-05 4.,65-03 3.895-05 5.576-03 -f 

1.500+07 5.~65-03 3.2S5'OO 1.3t7-01 1.7&8+01 1.534-01 2.103.01 1.4f2-06 E.eI9-M 3.708-05 4. 7 41-03 4.161-05 5.704-03 0 
1.600+07 I, .803-03 3. 100 +00 1.270-01 1.F09+01 1.626-01 2,148'01 1.3(3-06 8.4'18-0 " 3.445-05 4.907-01 4.410-05 5.827-03 ~ 
1.800,07 3.795-03 2.834,00 1.111-01 1.919,01 1.796-01 2.232'01 10029-(16 7.637-04 3. C13-0 5 5.Z05-03 4.871-05 6.054-03 n 
2.{\CO.07 3.074.-03 2.613,00 9.872-0;> 2.c17+01 1.950-01 2.308,1)1 S.338-07 7.038-04 < .678-05 5.>71-03 5.289-05 6.260-03 

2.2~0+07 2.~41-03 2.427,00 B.880-02 2.106+01 2.091-01 2.379'01 6.S~2-07 6.5~3-04 2.409-(\ 5 5.712-03 5.672-05 6.452-03 C"' 
2.400+07 2.135-03 2.268·~C 8.068-02 2.188,01 2.219-01 2.445+01 5. 7~1-07 6.1;2-04 Z.188-0S 5.?35-03 6.01<;.-05 6.633-03 :IICI 

2.600.07 1.819-03 2.130+~0 7.:'ISil-02 2.262+01 ;>.338-01 2.506'01 4.934-07 5.777-0 I. 2.005-05 6.135-03 6.342-05 6.797-03 0 
2.fiO~.07 10569-03 2.009+00 6.819-02 2.330+01 2.448-01 2.562+01 4.256-07 5.4:9-04 1.850-05 6,320-0 :3 6.64:1-05 6.<;50-03 II' 

~.OOO+07 1.367-03 1.902+00 6.3;>8-02 2.393+01 2.549-01 Z.615+01 3.718-07 5.159-04 1./16-05 6 •• 91-03 6.914-05 7.093-03 
II' 

4.000.07 7.61\7-04 1.512+00 4.651-02 2.649+01 2.967 -01 2.835+ 01 2.0~5-f)7 4.111-04 1.262-05 7.185-03 8.048-05 7.689-03 II' 

5.000+07 4.919-04 1.262+00 3.676-02 2.840+01 3.281-Cl 3.003-01 1.334-07 3.4n-04 9.~71-06 7.703-03 8.899-05 8.145-03 '" 
6.000,07 3.~16-04 1.0R7'00 3.038-02 ;>.9~7+01 3.528-01 3.134+61 9.2f6-08 2.91'1-04 8.240-06 8., 02-0'1 9.569-05 lit ~O 1-03 !3 
~.OO~.O7 1.922-04 8.57S-01 2.255-0~ 3.2C4+01 3.E96-01 3.331'01 5.213-08 2.3?6-04 6.116-0(' 8.691-03 1.057~04 9.035-03 -0 
1.000,08 1.230-04 7.118-01 1.792-02 30357,01 4.161-01 3.472+01 3.336-08 1.9~1-0& 4.~61-06 9.f06-0'; 1.12'1-04 9.416-03 Z 
1.500+08 5.466-05 5.069-01 1.H5-02 3.598+01 4.594-01 3.696+01 1 .4!3-0P 1.375-04 3.214-06 9.759-0- 1.246-04 1.002-02 II' 

... 2.000+0B 3.075-05 3. 0 74-01 8.849-03 3.7&1+01 4.862-01 3.830+01 803t1-09 1.078-04 2.400-06 1.115-02 1.319-~4 1.039-02 ." 

.... 3.000+08 1.367-05 2.817-01 5.87~-03 3.908+01 5.187-01 3.989+01 3.7{S-09 7.6H-05 1 .~9:3-0f. 1o~60~07 1.407-04 1.u82-02 0 
:r 4.coo.es 7.687-06 2.206-01 4.396-03 ~.003+01 5.380-01 4.1)79+01 2.085-09 5.9~4-05 1.192-06 1.)86-07 1.459-04 1.106-02 :IICI 

~ 5.rOO+08 4.920-06 1.826-01 3.512-03 4.066+01 5.511-01 4.140+01 1.335-09 4.'1n-05 9.~26-07 ,.103-1l2 1.49S-04 1.123-02 

n 
6.00e+OB 3.416-06 1.564-01 2.925-03 4.111+01 5.606-01 4.183+01 9.266-10 4.212-05 7 .~:34-07 1.115-02 1.521-04 1.135-02 .." 

:r ~.COO.08 1.922-0t. 1.221-01 ?191-tl3 4.170+01 5.737-01 4.<'4{1+01 5.213-10 3 .312-()~ 5 .~/.3-07 1. f ~1-02 1.556-04 1.150-02 ::c 
.. 10000+09 1.23()-O6 1.005-01 1.752-03 4.209+01 5.824-01 &.277+01 3.336-10 2.n6-0S 4.,52-07 1.16;'>-0;> 1.51l0-04 1.160-0;> 0 
EI 

... 
1.50r+09 5.466-07 7.016-02 1.10-03 4.264+01 5.951-01 4.331+01 1.U3-10 1.9)3-05 3.165-07 1.157-OZ 1.614-04 1.17S-02 0 

: 2.000+0'1 3.~75-07 5.4'10-02 !!.747-0~ 4.29&+01 6.024-01 4.360+01 a.3t1-11 1.473-05 2 .~73-07 1.165-02 1.634-04 1.183-02 Z 
:" 3.000+09 , .3a-0 7 3.776-02 5.829-04 4.327+01 6.101-01 4.39Z+01 3.7D8-11 1.0?4-05 1.581-07 10174-02 1.655-04 1.191-02 CIt 

W 
4.non'09 7.687-08 2.915-02 &.371-04 4.345+01 6.1&7-01 4.409+01 2.015-11 7.9~7-06 1. ~86-07 1.17?-OZ 1.667-04 10196-02 

5.000+09 & .nO-08 2.383-02 3.496-04 40356 +01 6.175-01 4.420'01 1.335-11 6.4,4-1)6 9.l!l3-08 1.182-02 1.675-04 1.199-02 

~ 6.0"0+09 3.416-08 2.021-02 2.913-0& 4.364+01 6.195-01 &.&28+01 9.266-12 5.4~2-06 7.~01-0!i 1.184-02 1.680-04 1.201-02 

~ 
~.00O+O9 1.922-08 1.557-02 2.185-0/, 4.374+01 6.221-01 4.43R·01 5.213-12 4 .n~-{)6 5.n7-01! 10186-02 10687-04 1.204-02 

1.000+10 1.230-08 1.271-~Z 1.748-0& 4.380+01 6.237-111 4.444+01 3.3l6-12 3.M 7-06 4.7& 1-08 1.111P-0;> 1.692-04 1.205-02 

1.5~0+10 5.466-09 8 •. 785-0'1 1.165-04 4.389+01 6.259-01 4.452+01 1.4t3-12 2.383-06 ~.160~{)8 1.190-02 1.698-04 I.Z0l!-02 

:.0 ~.OOO+10 3.075-09 6.754-03 11.737-05 4.394'01 6.272-01 ".457.01 /;.3.1-13 108:'2-06 2 .)70-01' 101 <;2-02 1.701-04 10209-02 

Z 
3.~~O+10 1.367-09 4.65P-03 5.~24-05 4.39'1+01 t.28&-01 Ii .462+01 3.708-13 1.263-06 1.~80-08 1.1Q3-07. 1.704-04 10210-02 

!' 4.000.10 7 .6E7-1 0 3.576-03 4.366-05 4.40Z·01 6.292-01 4.&65'01 2.035-13 9.700-07 1.'85-01l 1.194-0? 1.707-0£ 10211-02 

~ 
5.000+10 4.920-10 2.912-03 3.~95-05 4.403+01 6.297-01 &.466+01 10315-13 7.899-07 9 •• 80-09 ,.194-0? 1.708 -n4 1.211-02 .... 

- 6.000+10 3.'16-10 2.461-03 2.912-C5 4.404+01 6.300-01 4.467+01 9.2.6-14 6.675-1) 7 7.899-09 1.195-02 1.70~-O& 10212-02 .... 
... 8.COO+10 1.922-10 1./187-03 2of8~-05 4.406'01 6.303-01 4.469<01 5.213-14 5.118-07 5"24-09 1.1'15-02 1.710-04 1.212-02 t.:I .., 101110.11 1.230-10 1.536-03 1.747-05 4.&07+01 6.30(,-01 4.470.01 3.336-14 4.166-07 4.739-09 1.195-02 1.710-04 1.213-02 ..0 ... 
0 



!- TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
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.... 
.... 

:T Z=1 to 10o--Continued 
(,.) 

~ 
0 

.... ~7. FR. FRANCIU~ ~TCMIC VT. ~ ?23.020 MSC.tKL .00027002 BARNS/ATOM MULTIPLY ~SO/KG BY 10 FOR C~SQ/G 
:r .. 
? PAIR PROflUCTION PAIR PRODUCTION 

"" SCATTER[Nf SCATTE!? ING .. 'HOlON PHOTO- NUClEAR E'l FC TRON TOTAL PHCTO- NUCLEAR ElECTRON TOTAL 
:'" 

fNERGV COI.fERENT INC()HER. [l EeTR Ie FiElD F IElr. COHERENT I MCOHER. ELHTRIC FEtD FIELD 
D 
Q 

~ EV 8/ATO~ BIATCM ~/HO" FI ATOP. ~1A10M B I A TOK ",SO/KG H5()/KG MSC/KG "5)/KI; HSIl/KG MSIl/KG 

< ToJOn·06 1.232·QO 1.P22.0T Q.140+0r O.OGQ • 0.000 2.759+01 3.327-04 4.920-03 2.1~8-03 4).O~~ 0.000 7.4S0-03 
0 ,.... loC22+Q6 1.T81<OQ 1.803+(\1 7.794+re O.OOC C.COO 2.700·01 3.18"-04 4.869-03' 2.HS-03 0.000 0.000 7.292-03 

~ 1.~5n ... 06 7.966-01 1.633<C1 ~.264+QO 1.52<-01 0.000 2.254.&1 <.151-04 4.40'1-63 1.421-03 4.118-0~ 0.000 6.0117-03 

1,500.06 5.566-01 1.4P7<01 3.744+foU 7.:Q~-01 (j. ro 0 1.991.t1 1.503-04 4.015-(13 1.011-03 1.996-04 0.0 CO 5.376-03 
Z ?O~O+O6 3.153-01 1.271+01 ~.263+0~ 2.196+0Q ~.O(lO 1.743+01 8.514-05 3.432-03 6.111-04 5.930-04 0.000 4.721-03 

" 7..0 la/I+O(. 3.070-0.1 1.755.01 2.11'2+00 2.321+0n 0.000 1.735+01 8.155-0S 3.3119-03 5.8~2-0' 6.257-04 0.000 4.686-03 

!- 3.r.OO+06 ·1.410-01 1.C01.01 1.181+1)0 4.67f+GO 3.49~-O3 1.6Cl+~1 3.!!07-0S 2.703-03 3.1EQ-04 1.253-0.3 9.445-07 4.324-03 

4.000+06 7.9&7-02 8.3~8+00 7.719-01 6.[37+00 1.475-02 1.5l!6+01 2.146-05 2.257-(13 2.0E4-04 1. n7-03 3. 9 48-06 4.283-03 .., 5.000+06 5.092-02 7.221<00 5.65C-C1 8.27~+0~ 2.834-02 1.614+01 10375-05 1.950-03 1.526-04 2.234-03 7.6S2-~6 4.358-03 .. 
6.C bC-06 ~.539-02 6.384+110 4.423-01 9.6r2+00 4.:<44-02 1.659+11 9.556-06 1.724-03 1.1~4-04 2.614-03 1.173-0S 4.&70-03 

0 
7.00f+06 2.601-02 S.73f>+0r. 3.61'i-01 1.092+01 5.R4&-02 1.710+01 7.023-06 1.~49-03 9.712-05 ;> .9~ 9-03 1.578-05 4.619-03 

~,o 00. 06 1.992-02 5.223+00 3.C55-01 1.Z()4<u1 7.29/,-07 1.766+11 5.379-06 10410-03 [;.2~9-05 3.251-03 1.970-0S 4. U9-03 :I: 
9.00(.'+06 1.~74-02 4.801.00 2.639-01 1.307+01 F,67f·-02 1.824-01 4.250-0f. 1.296-03 7.1'6-0~ 1. 5?9-0 3 2.343-05 4.925-03 C 
1.00r+~7 1.275-02 4 .H9+~C Z.,ZO-C1 1.40H01 9. Q8'1-0Z 1.860+01 3.443-06 1.201-0, 6.U5-0S 3.n3-03 2.697-05 5.077-03 gJ 

1.1~O<01 1.054-02 4.15C+CO 2.069-01 1.488+01 1.123-01 1.036_01 2.P46-C6 1.1;>1-03 5 .5~7-0~ 4.018-03 3.032-0S 5.228-03 gJ 

1021)~+07 (, .P.56-03 3.392+00 1.865-01 1.56'l+r1 1." 3 9-01 1.990Hl 2.391-06 1.051-03 5.0~6-05 4.2~7-03 3.34.6-0S S.374-03 1ft .... 
1.300+07 7.546-03 3.667+QO 1.698-01 1.64S<Cl 1.349-01 2.043+01 2.03e-06 9.902-04 4.Sf5-05 4.442-03 3.643-05 5 .516-~3 !"" 
1.400.~7 6.507-03 3.469+0C 1.S57-{\1 1.71l<+O1 1.453-01 2.094_.1 1.757-06 9.367-04 4.7.[4-05 4.634-03 3.923-0S 5.653-03 

10500+07 5.669-03 3.293+00 1.408-01 1.783+01 1.551-01 2.143+11 1.S31-0~ 8.892-04 3.8B-05 4.815-0~ 4.188-05 5.786-03 <:) 

1.600-07 4.~~2-03 3.136'00 1.335-01 1.8&5+01 1.644-01 2.18~·+i1 1.~45-06 8.&68-04 3.6(5-05 4.9B2-03 4.439-05 S.910-03 ~ 
1.1l0P_C7 3.937-03 2.867+00 1.168-01 1.957<01 10816-01 2.274+01 1.063-06 7.742-04 3.154-95 5.2&4-00 4.904-05 60140-03 

~ 2,~OO+Ol 3.1~9-03 Z.644+0r 1.038-01 2.057+01 1.972 -lIT 2.35Z<Q1 8.611-07 7.139-04 2.~n-05 5.554-03 S.325-0S 6.350-03 

2.200+C7 2.636-03 2.455*00 9.337-02 2.148+01 2.1Th-Ol 2 .424".1 7.118-07 6 .629-0 4 2.5<1-05 5.800-03 5.708-05 6.546-03 » 2.400+07 2.215-03 ;> .294+00 8.41\3-02 2.?31+01 2 .244-01 2.492+11 S.981-07 6.194-04 2 .2~1-0~ 6.024-03 6.PS9-0S 6.728-03 
?600t07 1.887-03 2.155<aG 7.771-02 2.307+01 2.364-01 2.554 •• 1 5.095-07 5.819-04 2.0~8-05 6.229-03 6.383-05 6.897-03 Z 
2.P.OO<07 1.671-03 2.D32+{lO 7.169-C2 ?'.37c~01 2.475-01 2.611·.1 1 .. 393-07 5.487-04 1.9~6-05 6.£16-03 6.683-0S 7.051-03 0 

3.000tP7 1.417-03 1.925+0r, 6.653-02 2.~41+C1 2.577-01 Z.666+01 3.826-07 5.198-04 1.7~'6-0S 6.5<;'1-0-': 6.958-0S 7.199-03 e. 
b.rCr<07 7.973-04 1.52(HOP 4.890-02 ~.702+C1 3.0e3-01 2.890<., 2.,53-07 & .129-04 1.3.0-05 7.29l:-0'3 8.101-0S 7.803-03 < 
5. on O+0 7 5.1 n3-04 1.277+0Q ~.864-02 2.li96+01 3,317-01 3.061·C1 1.378-07 3.448-04 1 .~&3-0:' 7.820-03 P.9S7-05 1'.26S-03 1ft 

t.O 00<0 7 3.544-04 101OP.OO 3.193-02 3.047+01 3.56b-C1 3.1<;6+11 9.,70-08 2 .• 970-04 8.6<2-06 8.2?8-03 9.629-05 ~ .630-03 :Ia 

8.CO~-07 1.993-04 8.675-01 2.370-02 3.U8<01 3.938-01 3 o.!97 •• 1 S.382-1!P. 2.342-04 6.4(0-06 8.8Z4-03 1.963-04 0.171-03 
gJ 

1000(\<118 1.276-Q4 7.200-01 1.P-8A-O? 3.423+01 4.206-01 3 .• 539+11 3.445-08 1.944-04 5.0H-06 9.243-03 1.136-04 9.556-03 -e 
1.5~0<Q8 5.670-05 ~.121'-01 10245-02 3.l:7u+01 4.644-01 3.769<., 1.531-08 1.385-04 ~.3~2-0t 9.91~-OJ 1.254-04 1 .(11~-02 

2.00r<08 3.18Q-05 4.020-01 9.300-03 3.1'16<01 4.<;15-01 3.906-01 b.61'-09 1.085-04 2'511-06 1.030-02 1.3~7-04 1.055-02 

3.COC·~8 1.417-05 7. .85 0-01 6.174-03 3.986+01 5.244-01 4.06£+01 3.826-0',1 7.696-05 1.tt7-06 1.076-n 1.416-C4 1.098-02 

4.0 or. 08 7.973-C6 2.232-01 ~.6?f,-03 4.083+01 5.4/.0-01 1,,160'C1 2.153-0'1 6.027-05 1.248-06 1.1~3-02 1.~69-04 1.123-02 

S. Q 0 0< O~ 5.103-0~ 10847-01 3.691-C3 4.147+01 5.57~-01 4.222·fl 1.378-0'1 4.987-05 9.90-07 1012~-02 1.50S-04 1.14 n-02 

e.o 00<08 3.544-06 1.582-01 3.074-0:'\ 4.1~3+01 5.670-01 4.266+01 9.570-10 4.272-05 8.3(0-07 1.132-07 1.531-04 1.152-02 

e.OCO+08 1.993-06 1.235-01 2.303-03 ~.2S&+01 5.803-01 4.325>01 5.382-10 3.335-05 6.219-07 1. H9-02 1.567-04 1.1£'8-02 

1.00~-n, 1.27(,-06 1.016-1)1 1.f41-03 I •• 293+01 5.892-01 4.362-Cl 3.445-10 2.74;-05 4.9;1-07 1.1>9-02 1.591-04 1.178-02 
10500+09 5.670-07 7.098-07 1.226-C3 ',::50+"1 r.023-01 4.417+H 1.531-10 1.917-05 3.3'{\-07 1.175-02 1.626-04 10193-02 
?rOQ<09 3.189-07 5.t.94-r" 9.193-0& 4.381_01 6.098-01 4.44e+01 8.611-11 1.484-0 S 2.422-07 1.1~3-07 1.647-04 1.201-02 
,.000<09 1.417-Q7 3.8<0-02 6.1~6-04 4.414.01 t 0179-01 4.41l0<01 30826-11 1.031-05 1.654-07 1.19"-07. 10668-04 1.210-02 

&oflOO-09 7.973-08 2.948-0? 4.593-04 &.432-01 6.<>27-01 4.497+01 2.153-11 7.960-06 1.240-07 1.197-02 10681-04 1.214-02 

5. C OV+09 5.103-08 2.411-02 3.674-nt. 4.4M •• 01 Ii .2S6-01 4.509+01 1.378-11 6.510-06 9.921-06 1.2' C-02 1.689-04 1.21R-02 
6.000+09 3.544-08 2.044-02 3.062-04 4.452_01 6.276-01 4.S17+t1 9.570-17 S.519-C6 8.268-r8 1.2P-02 1.695-04 1.220-02 
~.O~O+09 1.993-08 1.575-02 2.296-04 4.462*01 6.3C4-01 4.527*01 5.382-12 4.2S3-r6 6.2CO-DI:' 1.2' 5-02 1.702-~4 1.222-02 

loOeO+10 1.276-08 1.286-02 1.f.37-04 4.4/\9+P1 h321-01 4.534+01 3.445-12 3.472-06 4.960-08 1.2~7-P2 1.707-04 1.224-02 
1.500+10 5.670-09 8.SS7-V:! 1.224-04 4.478+01 6.3t.1,-01 / .. 51,2<01 1.531-12 7.41)0-06 3.305-0~ 1.2~9-02 1.713-04 1.227-02 
2.0CO+10 3.·189-09 6.832-03 9.182-05 4.483+01 6.358-01 4.547+01 8.611-13 1.84 S-06 2 .419-~8 1.211-02 1.717-04 1.228-02 

3.000<10 1.417-09 4.712-03 6.121-~S 4.481l-01 6,371-01 4.552Hl 3.026-13 1.272-06 1.653-M' 1.217-02 1.720-C4 1.229-02 
4. COO+1 0 7.973-10 3.617-03 4.591-0S 4.490+!)1 6.380-01 4.55&+01 2.153-13 9.767-07 1.240-0~ hlP-O? 1.723-04 1.230-02 
5.000+10 5.103-10 2.946-03 3.b72-C5 4.49?-~1 6.385-01 4.556+01 1.378-13 7.955-()7 9.915-09 1.213-02 1.724-04 1.230-D2 
6.000<10 3.544-10 2.490-03 3.060-05 4.493+01 6.388-01 4.557-C1 9.570-10 6.7?4-07 8.2t3,..09 1.213-02 1.725-04 1.231-02 
8.000+1 0 1.993-10 1.909-03 2.2~5-05 4.L95<01 6.391-01 4.559+~1 5.382-14 5.155-07 6.H7-()9 1.2'4-02 1.726-C4 1.231-02 
1.000<11 1.?76-10 1.<;53-03 1.836-0S 4.496+01 6.394-31 4.5e3+D1 3.445-14 4.193-07 4.9S8-09 1.21£-02 1.727-04 1.<'31-02 



TABLE 6. Cross sections and mnss attenuation coefficients for the individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
Z = 1 to 10~,-Continued 

All, RA. RADIUM ATCH!e VT. = «6.025. HSOIkG .00016643 ~ARNS/ATOH HUlTI~lY HS~/KC RV 10 FOR CH~D/ 

PAIR PROOUCTIOV pAIR PROOUC1ION 
SCATTr~IN(' SCATTB ING 

PHOTO'l PHOTO- NUCLEAR FLEe TR~N TCTAl PHOTO- N"ClEAR ELECTRON TOTAL 
ENERGY COflERENT INf:OHER. EU,CTR Ie FIElP FJelD COHE!EIIT I MCOHER. HEnRI C FIElD F IHO 

EV a/ATOM BlAT!)" BIATO!! PIHOM B IA TOR ~ I ATOM H~O/KG HSO/KG MSO/KG HSO/KG HSO/KG HSO/KG 

'.000·06 1.277·00 1.843·P1 1\.573+00 0.000 '0.000 2.8 Z8+01 3.401-0& 4.910-03 2.n4-1)3 O.COO 0.000 7.535-03 "V 

'.022+06 1.223+00 1."24+01 8.209+00 0.000 0.000 2.767·01 3.258-04 4.86e-03 2.117-03 n.oo P 0.000 7.373-03 » 
•• 250~96 6.253-01 1.~52~01 ~.51.~~OO 1.571-01 0.000 2.305+01 2.19~-G4 ,.4&1-03 1.&77-~3 4.186-05 0.0 GO 6.1&1-03 Ii 
'.500+06 S.7l'8-01 1050&+01 3.944+04 70643-01 0.000 2.C33+01 10531-04 4.0 07-0 ~ 1.0S1-03 ?O36-04 O.OCO 5.415-03 
,.000+06 3.268-01 1.286+~1 2.383+0. 2.263+ tHl 0.000 1.783+01 B.70'-05 3.426-03 6.~.9-0" 6.0;>9-0& 0.000 4.751-03 -f ,., 
7.0&~"Of 3.131-01 1.270+01 2.29F.+O~ 2.3n+OO O.OOC 1.770+01 f.\ .342-05 3.3P.4-03 6.1,3-04 6.373-0& 0.000 4.717-03 :; 
3.0f'C·06 1.462-01 1.013+01 10243.0t &.79!'+on 3.538-B 1.632+01 3.!!95-0S 2,699-03 3.3 12-04 1.27P.-01 9.&2b-f'7 &.34B-03 .... 
Io~OO+~6 8.741-02 8.454+00 8.124-0' e .790+00 1044 2-1~ 1.615+01 2.19t-OS 2 .2s2-0~ 2.164-~4 1.809-01 3./!42-06 4.304-03 m 
~.00O.06 S.7.PO-02 1.301.+00 5.945-01 &.454+00 2 .~67-t2 1.643+01 1.401-05 109£6-03 1.514-04 2.2S?-u3 7.639-06 4.379-03 .:-t 
6.~OC+06 3.669-02 6.457+0C 4.65:'-01 9.Bl't+OO £.3Q3-(lZ 1.689+31 9.77!-II6 1.1;>0-03 1.2.0-04 2.f:34-03 1.170-Q5 4.500-03 » 
7.rOO+06 2.697-02 5.804+00 3.P-07-0' 1.115+01 5.911-'2 1.71.2+01 7.1Bt-06 1.546-03 1.0'4-0& 2.971-03 1.575-05 4.641-03 Z 
~.nnO+06 2.065-02 5.283+00 3.213-~' 1.229·01 7.376-02 1.799+01 5.S0;-e,6 1.&08-03 8.560-05 3.27~-O3 1.965-05 &.793-03 C 
~.OO(l+06 1.632-02 4.857+00 ?775-0' 1.~33+01 8.775-[2 1.857+01 & .34f-06 1.294-03 7.3<3-05 3.552-03 2.338-05 4.947-03 
1.00e+07 1.322-02 4.5{l0+OP 2.&&0-0' 1.&29+01 1.010-(,1 1.915+01 3.SZi!-llt 1.199-03 ,c.SH-OS 3.807-03 2.691-05 S.102-03 -f 

10 1 00+07 1.093-02 4.197+00 7.175-0' 10518+01 1.135-0 1.972+)1 2.91,-06 1.11R-03 ~.7~5-ry5 4.044-03 3.024-05 5.25£-03 0 
1o?OQ+07 9.184-03 3.937 +00 1,961-0' 1,1:00+01 1.253-(1 2.C27+H 2.441-06 1.C49-{)3 5.(25-05 4.263-P~ 3.338-05 5.400-03 

-f » 
1.3~0+O7 7.826-03 3.709+00 10785-01 1.678+01 1.364-[1 2.081+D1 2.01!5-06 9.88?-O4 4.756-05 4.471-01 3.o'>H-05 S.545-03 ... 
1.4tlC+07 6.748-03 3.509+00 10637-0' 1.75~+il1 1.469-Cl 2.03·)1 1.792-06 9.349-04 4.3tl-05 " .663-03 3.914-~5 5.6112-03 » 1.500+07 5.R 7<1-03 3.3,,1 +00 1.512-(j1 1.818+01 1.568-~1 2.182+~1 1.566-06 8.875-04 4.0.8-05 4.tU-03 4.178-Q5 S.1!15-03 -f 
10600+07 5.167-03 3.172·0C 1.404-01 1.£81+01 1.662-~1 2 .229+~1 10 371-06 8.451-04 3. 7~ 1-&5 5.017-03 4.1.28-05 5.94(\-03 0 
101'0Q+07 4.083-03 ? .1\99+00 1.228-01 1.995+01 1.n6-~1 2.316+)1 1.00B-OII 7.7?4-0& 3.272-0~ 5.315-03 4.892-Q5 6.170-03 ~ 
2.01)0+07 0.307-03 2.674+00 1.091-01 2.097>01 1.994-fil 2.396+)1 a.811-07 7.124-04 2.9H-05 5.51'7-03 5.313-05 6.383-03 n 2.200+07 2.733-03 2.484 +00 ... 813-0, 2.190+01 2.137-01 2.470+'11 7.282-07 6.618-04 2.614-05 S.835-t}3 5.694-0S 6.580-03 
2.400+07 Z.297-03 2.321+00 1'.915-0, 2.27~'01 Z.Z69-C, 2.539+)1 6.120-07 6.184-04 2.3.5-05 6.061-03 6.~&5-05 6.765-03 n 
2.tOC·07 1.957-03 2.17"'+00 'l.167-0' 2.352+01 2.39C-C1 2.602+)1 5.2H-07 5.806-04 2.176-05 to.266-03 6.368-05 ~.9~3-03 ,., 
2.800+07 1.687-03 2.0S6+0{) 7.53&-0, 2.&23+C1 2.502-01 2.661+,) 1 £.495-07 ~.47R-04 < .OH-05 6.1.5l--03 6.666-05 7.091-03 0 
3.000+07 1.470-03 1,9&7+00 ,6.9.,1-0. ".&8P+Ol 2 .606-0 1 2.716+»1 3.917-07 5.187-04 1 .80-05 1'>.629-03 6.943-05 7.23(.-03 CIt 

&.O~O+07 8.269-0& 10547+00 5.1~8-02 2.755+01 3.032-01 2.94S+J1 2.203-07 4.1('2-0& 1.:!e9-05 7.340-03 8.078-05 7.E47-03 CIt 

5.000+07 5.292-04 1.291+00 4.059-0. 2.953+01 3.353-(1 3.1;:>0+-)1 10410-07 :.440-U4 100~1-0~ 7.8~!l-03 8.933-05 8.312-03 CIt 

6.I)Or+07 3.675-0& 1.113+00 3.355-(1, 3.10,.+01 3.604-t1 3.757+)1 9.791-08 2.96:-04 S.939-01o 8.275-0" 9.602-05 8.e 77-03 m 

~.COO+07 2.067-04 8.775-&1 2.490-V2 3.332+01 3.98r-Ol 3.462+)1 5.507-0!! ?.338-04 e.634-0f: 8.878-0, 10 06 0-0& 9.224-03 !l 
1.000+U8 1.323-0& 7 .2R 3-n 1 1.<l79-n2 3.4'1Hlll 4.251-01 3.608 ")1 3.525-08 1.940-04 5.2.3-06 9.301-03 10 133-04 9.614-03 0 
loSr.0+08 5 .~80-05 S.187-r1 1.308-f2 3.742+01 4.6Y4-01 3.842+~1 1.561-08 1.382-04 3.H5-0t 9.97r-03 1.251-04 1.024-02 Z 

~ 2.000+118 3.307-05 £.067-01 9.770-0) 3.8'l1+C1 4.968-01 3.982+Ql 1'.811-09 100114-04 2.bn-Ob 1.031-02 1.324-04 1.061-02 CIt 

... 3.000+08 1.&70-05 2 .~82-C1 f. .485-n 4.064+01 ~.301-01 4.146' ., 3.917-09 7.679-05 1.7<8-06 1.083-02 10412-0& 1.105-02 

"" ... &.000+08 8.269-06 2.257-01 4.8 SJ-03 4.164+01 5.500-01 40242+Ql 2.?O3-09 6.013-05 1.2S3-0e 1.109-02 1.4~5-0& 1.130-02 
'< 0 
l" ,.000+08 5 .292-06 1.8f9-01 3.878-03 4.229+G1 5.635-01 4.304+01 10410-09 &.980-0S 1.0::3-06 1.1<1-02 "SOI-04 1.147-0Z ::l1li 

n 6.00'+08 3.675-06 1.600-01 3.229-0:: 4.276+01 5.734-01 4.350+t1 9.791-11) 4.263-05 8.6£3-07 1.1~o-02 1.528-0& 1.159-02 ... P.Ot)j)+08 2.067-06 1.250-01 2.419-03 4.3:!8+01 5.870-01 4.409+$1 ~.507-10 3.330-05 6.U5-07 " 156-02 loS64-04 1.175-02 ." 
II 

1I leGOe+09 1.323-06 1.028-01 1.934-03 4.375+01 5.961-01 4.448 .. , 3.525-10 2.739-05 5.153-07 1. H6-0? 1.588-0& 1.185-02 ::E: 
10 5 OQ+ 09 5.e80-07 7.180-0Z 1.288-03 4.&36+01 6.096-01 4.504+01 1.567-10 1.913-05 3.4::2-07 loHZ-02 1.6Z4-0& 1.200-02 0 

"" 2.000+09 3.307-07 5.557-02 9.656-04 4.468+01 6.172-01 4.535+01 8.811-11 1.481-05 2.5i3-07 1.190-02 1.644-04 1.2G8-02 -4 

~ !.OOO+O9 1.470-07 3.864-02 6.435-()4 4.502+01 6.256-01 4.568+11 3.917-11 1.029-05 1.714-07 10 199-02 1.667-04 1.217-02 0 
Z 

0 4.000+09 8.269-08 2.982-02 4.825-04 &.570·01 6.306-01 4.586 .. , 2.203-11 7.945-06 1.286-07 10 ZG4-02 1.680-04 1.222-02 CIt 
0 5.000+09 5.292-08 Z.ne-02 3.E59-G4 4.53Z+01 6.336-01 4.598+01 1.410-11 6.496-06 1.021'-()7 1.2~7-02 1.688-04 1.225-02 
1 6.0 ()C+~ 9 3.675-08 2.068-02 3.216-04 &.540+01 6.357-01 4.606+01 9.791-12 5.5H-06 8.568-08 1.21 r-02 1.694-04 1.227-02 

~ 
R.llOO+C9 2.Q67-08 1.593 -02 2.412-04 4.551+01 6.3!!6-01 4.616+01 5.507-12 40244-06 6.A26-01' 1.213-02 1.701-0& 1.230-02 
1.000+111 1.323-08 1.3{l1-0Z 1.'129-04 4.5<;7+01 6.1.0£-01 t. .622 +& 1 3.525-12 3.466-1'6 5.139-0ll 10214-02 1.7\16-04 1.232-02 

~ 
1.500+10 5.R~0-09 8.989-03 1.286-!)4 4.567+01 (;.1.28-01 4.632+01 1.567-12 2.395-06 3.426-08 1.217-0? 10 713-~ 4 1.23&-02 
2.01)0+10 3,30 7-09 6.911-03 9.6&5 -05 4.';72+01 6.4&3-01 4.637+&1 8.811-13 1,8& 1-06 2. ':70-01' 1.218-02 10 717-0& 1.2J5-02 

Z 3.000+10 1.470-09 4.766-03 6.430-65 4.577+01 6.456-01 4.6 42+~1 3.917-13 1.270-06 1.713-08 10219-02 10720-04 1.2~7-02 

~ &oOCO·,0 8.269-10 3.65,?-03 4.82Z-05 &.58C+C1 6.465-01 4.6 45 +~ 1 2.203-13 9.749-07 1.285-08 1.2~~-()2 to 122-04 1.238-02 

!'" 5.000+ to 5.292-10 2.980-03 3.1'151'-05 4.58,.01 6.470-01 4.646+~1 1.&10-13 7.94()-07 1.02/;-08 1.n1-02 1.724-04 1.238-02 
("OOO+10 3.675-10 2.519-03 3.215-1)5 4.582+01 6.&7£-01 4.647+~1 9.791-14 /,.711-07 8.566 ... 09 loUl-02 1.725-0& 1.238-02 -;; !!.OOO+10 7..067-10 1 .9~1-03 2.1.11-05 £.584+01 6.477-01 4.649+01 5.507-14 5.145-07 6.424-09 1.2?1-02 1.726-0& 1.239-02 ... 

CD 1.000+11 1.323-10 1.571-03 1.<l29-r5 &.585+01 6.480-C1 4.650Hl 3.525-1& 4.11!;6-(j7 s.139-()9 1.2?7.-02 1.726-04 1.239-02 Co) 

0 
... 



!-- TABLE 6. Cross sections and miuls attenuation coefficients for the individual and total photon a.tom interaetioilproces~es, 1 MeV to 100 GeV, ... z=! to 100-Continllcd· . ,e:;; .r ..,. 
!" 
n Sq, AC, i~TINIUH . HOIIIC liT. ~ 227.0276 HSO/KC .00026526 BARNSIATOM MULTIPLY HSO/KG BY 10 fOR C~SO/G ". 

.fD 

11 PA IR PROOUCT ION f'A rR PRoaUCTION 

~ SCATTF.RII!IG SCATTE R J NC 
PHOTON PHOTO- NtlCt!'AII ElF-CTRON TOTH PH01O- NUCLEAR ELECTRON TOTAL 

0 [ NERCY CI)HfRENT INCOHER. ElEClR It FlELO FIELD . COHERENT I HeOHER.· E LEeTH I C FIELD FIELD 
D 
jt F.\ SlAlOM B /A TD~ e IATOH S/ATOM BIATOH Po/ATOH HSO/KG "SO/~C HSO/KG "SO/~G HSO/KG Hsa/KG 

< 1.000+0"" 1~322+00 1.A63+01 9.025+00 0.1)(11) C.IIOO 2.$98+01 3.507-0~ h9~2-03 2.39~-03 . ~.OOO 0.000 7 .6~6-03 ~ 1.022+06 ' .• 267+00 1.844+01 P.642+r.C O.lleD o.GOO 2.R35+01 3.361-64 4.891-03 2.292-03 0.000 0.000 7 .5? 0-03 
-~ 1'?50+06 e .548~0 1 10671+01 ~.R3f+OO 1.618·;'01 ·0.000 2.356+01 2.267-64 4.432-03 .; .51.9-'03 4.292-0 S 0.000 6.2 \ 1-03· 

% 1.500>Q6 5.975-01 1.521+01 4.152+00 7.8<;7-01 0.000 2.075+01 1.585-64 4 .• 035-03 1.101-03 ·2.095-04 0.000 5.5~4-03 

!' ·2.000>06 3.387-01 1.300ta1 2.509tOO Z.!32+00 ~. 00 ~ 1.818+01 8.984-05 3.448-03 6.655-010 6.186-04 0.000 4 .8?2-0 3 

!" 
2,044+06 :<.244':'01 1.284+01 2.419+00 2.li64+ro 0.000 1.8(15+01 8.6115-65 3.~O6-03 6.417-04 6.536-0~ 0.000 4.7~7-03 
3.00D+06 1.515-01 1.024+01 1.308+00 4.920+00 3.578-03 1.662+0· 4.01'1-05 2.716-03 3.470-04 10305-03 9.491-07 4.409-03 

:0 4.000+06 3.542-02 8.550+00 11.546-01 6.94S+6G t.45P-02 1.645+0~ 2.266-05 ·2.268-03 2.267-'-04 1.842-03 3.867-r6 ,;.363-03 
GO 5.000t06 5.i. 74-02 7.!S7+00 6.252-G1 8.636+00 2.899-02 1~673+01 10452-05 1.959-03 1.658-04 2.291-0::! 7.690-06 4.41ft-03 
0 f.rOO+06 30804-02 6.530+00 4~a93-01 1.01l'H01 4.443-02 1.719t01 10009-05 1.732-:03 1.298-04 2~676-03 1.179-~5 4.560-03 

7.rOO+06 2.796-02 5.870+00 4.002-01 1.137+01 5.977-02 10 773+01 7.(.17-06 1.557-03 1. n62-04 3.016-0:! 1.585-05 4.702-03· 
8.00n+06 1.141-02 . 5.363+00 3.377-r1 .1.253+01 7.459-02 1.1!31+0~ 5.679-06 1.417-03 8'958-0~ 3.326-il~ 1.9/9-05 4.856.,.03 ::c 
9.00n+06 '.692-02 ,.912+00 7..917-D1 1.359+(l1 8.1'73-02 1.890+01 4.488.,.06 1.303-03 7.738-05 3.605-0", 2.354-05 5.013-03 c: 
1.000+07 1.371-02 ,.551+00 2.56&-01 1.457+()1 10021-01 1.949+01 3.637-06 1.207-03 6·,1\01.,05 3.865-03 2.706-05 5.171-03 or 
1.10~+07 f .133-02 ,.245+00 2.286-01 1.547+01 1.n.~-0 1 2.007+01 3.00S':'06 1.126-03 6.061.-05 4.10t-O~ 3.045-05 5.3?4.,.03 or 

I'll 
1.200+07 Q.S21-03 3.981+00 ·2.061 -"01 1·.632+01 1.267-01 2.064+01 7..526-06 1.056-03 5 .~1I7-.05 1i.3 29-0 3· 30361':'/)5 5.476-03 ,.. 
1.300+07 8.113-03 ~.7S1+00 1.875"-01 1.711i+01 1.379-01 2 .• 118+01 2.152-06 9.950-04 4.974-05 4.536-03 :3 ;658-05 5.619-03· .; 
t.400+07 6.996-03 3.549+00 1.720":61 1.7!l~+/)1 1.485-01 2.112+01 1.856-06 9 •• 14-04 ". ~62-0 5 4.732-03 3.939'-05 5.760..,03 a 1.5CO"·07 6.095-0~ 3.369+00 1.588-(11 1~853·01 1.585-01 2.222+01 1.61.7-06 ·8.936-04 "·.212-05 4.915-03 4.204-05 5.895-03 
1.600+07 S.357-03 3.208+00 1.475-01 1.917+01 1.61;10'-01 2.270+01 1.421-06 8.509-04 3. "13~0 5 S.OR5-03 4.4.56-05 6.021-03 i 
·,.800+07 •• 233-03 ~ .932+00 1.290-01 2.034+01 1.856-01 2.359+01 1.123-06 7.777~O4 3.422-05 5.395-03 4.923-05 /, .2~!l-03 

~ z.rOO .. 07 30429-03 1.704+00 10146-01 2.138+01 2.015-01 2.440+D1 9.096-07 7.173-04 ·3.040-05 5.671-0'" 5.345-05 6.473~03 

2.200+07 Z.834-03 1.512+00 1.031-01 2.232+01 2.160-01 Z.51S+01 7.517-07 6.663-04 2.735-05 5,921-03 5.73.0-05 6.672-03 )-
2.400+07 2.381-03 20341+00 9.365-02 2.319+01 2 .• 293-01 2.586+01 6.316":07 6.226-04 2.484-05 6.151-03 6.082-05 .6.860-03 
2.600+07 2.029-03 1.204+00 8 .• 578-02 2.398+01 2.416'-01 2.651>01 5.382-07 5.846-04 2 .• 275-05 6i361-03 6.40S'-05 7.013-03 Z 
2.8 O~+07 1~749-03 ~.079+00 .7.913-02 2.470+01 2,529:"01 2.711+01 4.639-0.7 5.515-04 2.099-05 6.557-0" 6.708.,.05 '7.1.~2-03 0 
3.0.00+07 .' .524-03 1.969+00 7.3&3-02 ".537+01 2 .634 -0.1 2.768+01 4.042'-07 5.223-04 1.948,.05 6~PO-03 6.987,,05 7.34:>-03 'Q. 
4.000+07 6.573,..04 1.565+·00 5.3Q6-02 2.808+61 3.065-01 3.001'01 2.274-07 4.151-04 1.01-05 . .7.448-03 e .130":~S 7 .959-0'> < 
5.000+07 \8487-04 1.30.6+00 ·4 ;263-02 3.010+01 3.388-'01 3.179.+01 1.455-07 3.464-04 1.131..:05 7.984-03 .8,987-05 8.412':'03 I'll 

·6.000+07 3.810-04 1.125+00 3.523-02 3.166+01 3.643:'01 3.318+01 1.011-'07 2.984-04 9.3~5-06 8.391!'-O3 9.663-~5 8.S0Z-03 ::u 
.0;1 

8.000+07 "143-04 B.875-01 2.614-02 3.396+01 4.022-01 3.528+01 ·S.684,-H' 2.354-04 6.934~0;; 9.008.,03 1.067-04 9.3>7-03 e. 
1.600+08 •• 372-04 7.366-01 2.07~-G2 3.551'.01 4.296-01 3.~ 77+01 3.639..,08 1.95&-04 5.512-06 9.438-03· 1.140-04 9.753-03 
1.500+08 6.0~6-05 5.246-01 1.!74':'02 3".e14+111 4.743-01 3.915+01 1.617-~B 1.392-04 3.665-06 100·12-02 1.258-04 ·1.019-02 
2.0CO+08 3.429-05 ,.113-01 1.026'-02 3.966+01 5.021-01 4.0SP+01 9.096-09 1.091~04 2.722-06 1.052-0~ 1 .332-~4 1.0'7-02 
3'0~0+O8 1.524-05 ~.91S-01 ·6.809.,03 4.143+01 5.358-01 4.226+01 4. r42-09 7.732-0S 1.806-06 1.099-02 1.421-04 1.1?1-02 
4.000+011 ~ .572-06 ·1.21!3-01 5.095-03 4.245·01 5.5sq-Ol 4.324+01 2.274-09 6.056-05 1.351-06 1'1?6-02 1.475-04· 1,·14 7-02 
5.000+08 S .~86-06 10890-01 4.,,071,.·03 4.311+01 5.696-0.1 4.387+01 1.45S-09 5.013-05 1.080-06 1.14t-n 1.S11.-04 1.164-07 
6.00~+OR 3 _810-06 t.61P-01 3.390-03 4.359+01 5.796-01 4.433+01 1.IJ1'-09 A .292-05 :e.992-07 1.1~l;.cO? 1.537-04 1.176-02 
8.000+08 ~.143-06 1.264-01 2.539-03 4.422+01 ·5 .• 934-01 4."94+01 5.684-10 3.353-05 6.735-07 1.173-02 1,574-04 1.1 92-02 
1000:)+09 1.372-b6 1.040.,r.l ·2.030-1l3 4.0463 .. 01 6.026-01 4.534+01 3.639-10 2.759-05 5.385-07 1.1,,·1.-0< 1.598-04 1 ~203-02 
hSOO+O·q ·6.096-07 ~.261-02 1.352-03 -4,523.01 6.163-01 A.592+01 ,.617-10 1 .926-05 3 ~586-07 1.200"'0? 10635-0.4 1.218-02 
".000+09 30429-07 5.1120-02 hUH-03 4.555+01 6.241-01 4~623+01 9.096-11 1.491-05 2.690-07 j .208-02 1.655-04 . 1.2Z6~.02 
3.000+09 1.524':"07 h9n8..,O·< 6.756-04 40590+01 . 6.326-01 4.657+01· 4.1142-·'1 1.C37':05 10792-07 1.218';02 1.67f-04 1 .235-02 
4~00O+09 8.572-08 3.016-'02 5.066-04 4.609+01 6.376-01 ·4.676+01 2.274-11 ·8.000-06 1.34&-07 .1.223-02 1.691-04 1,2.0.,02 
5.000+09 S.4P6-08 ~.466-02 40052-·04 4.621>(l1 6.407-01 4.688+01.· t~455-11 6.541-06 1.075-07 1.226-02 ·1.699-64 . 1.2'3~02 
6" 000.09 3.610-08 1.C91-02 3.376,.04 4.629+01 6.1.l~-01 4,695:'01 10011-11 5.546-0·/\ &,.955-01! 1.278-02 j.70S':04 1.24,-02 
8.000+09 2.143-08 1.611,..02 2;,532-04 ·4.640+01 6.457-01 4~70H01 5.684:'12 h273-06 6.716-08 1.231-02 1.713-0~ 1.2<8-02 
,.000+10 1.372-08 ·,.315-02 2.025-04 4.647+01 6,,475-01 4.713+(11 3.639,..12 ·3.488-06 5.371-08 1.233-02. J~718-04. 1.2S0~02 
10500+10 6.096-09 . 9.091-03 1.350-04 4.656+01 6.500'-01 4.722+01 10611-12 2.411-06 3~581-01! .1.2!1S-02 1.724-04 1.2n-·0.2 
2.01)0+10 J .429-09 6.989-03 1.013-04 4;'66HOl 6,515'-01 4.727+01 9.096-13 ·1.854'-06 20687.,08 1.236-02 1.728-04 1.254.,.02 
3.000+10 1.524-09 '.8<'0-03 6.750-05 4.667+01 6.529-01 4.733+01 4.042-13 1.279-06 1.790-01' 1.23R-02 1.732-04 10 255-02 
4.000.10 3.572-10 3.701-03 5.063-05 4.670.01· 6.538-01 4.736+01 2.274-13 9~817-07 1.JI.3-08 10239-02 1.734:"04 1.256-02 
5.000+10 5.466-10 3.013-03 4.050-0~ 4.671+01 6.543-01 4,737+01 1.455-13 7.992-07 ·1.074-1/8 1.239-0? ·10736-04 1.2)6-02 
6.~00+10 !.810-10 2.547"'03 3.375-05 4.672+01 6 .• 546-nl 4.738+01 10011-13 6.156':07 8.952·,.09 1.2~9-0( 1.736-1)4 1.2$7-"02 
8.000';'10 l.143-10 1.1'53-03 2.531·-05 4.t74+0·' b.550-01 ~.740+01 5.684-14 5.180-07 6.714-09. 1.240-02 1.737~04· 1.257-02· 
1.000+.11 1.372-10 1.51!9"O3 2.025-05 4.615+01. j.~53:'01· '~7"tbl 3.639-14 4.215~07 5~311"'09 1.240-02 1.738-04 1.257-02 



T},BLE 6. Cross sections and mass attenuation coefficients for thE individual and total photon atom interaction processes, 1 MeV to 100 GeV, 
Z=l t.o lOO-Continued 

90, TH. THORIUM ATO~Ir. ~T. = 2~2.0381 MSO/KG .00025953 8AR"S/~TO" ~UlTTPlY ~SD/KG BY 10 FOR CHSO/G 

PAIR PRonUCTJON P~ IR PROCUClION 

SCATTERJNG SCHTERING 
PhOTON PIIOTO- NUCLEAR ELECHON lOHl PIIOTO- NUctEIR ELECTRON TOTAL 

E~ERGY C)HERENT INCOHER. flECTP Je FIElD fIELD COHERENr IHCOHU. ElECTRIC rIEl[ FIELD 

EV l/AlOH a/HOII BIATOH UATO!! SIATOH BIHOH !ISO/KG "SO/I(~ IISO/KI; MStl/~G "SO/KG HSO/KG 

o.~oo " 1.~O/)+O6 10368+00 1.884+01 9.495+00 0.000 2.970+ 01 3.550-0' , .890-~3 2.464-03 0.000 0.000 7.7n9-03 » 
1.(22+06 10311+00 1.864+01 9.092+00 O.OO~ c.oeo 2.904+01 3.402-0' 4.fl38-03 2.360-0:0 0.000 0.000 7.537-03 ;; 
1.'50+06 8.851-01 1.689+01 6.144+00 1.665-01 0.000 2.409+01 2.297-04 4.383-(3 10595-03 4.321-05 0.000 6.251-03 , 
1.~00+O6 6.188-01 1.538+01 4.369+00 8.157-01 O. COO 2.118+01 1.606-04 :h992-~3 1.134-~3 2.117-0(, O.OOG 5,498-03 -I 
2.~OO+O6 3.508-01 1.315+01 7..t40+00 2.402+~0 11.000 1.854+01 9.104-05 3.413-B 6.852-04 6.234-04 0.(100 4.812-03 '" ?t4HOb ~.361-01 1.299+01 2.545+00 2.537+0r. a.COll 1.1141+01 8.723-05 3.371-B 6.605-0~ 6.584-04 O.OOC 4.777-03 :; 
3.~ 00+06 1.570-01 1.036+01 1.376+00 5.043+00 3.1>18-03 1.694+01 4.075-05 2.689-~3 3.571-04 1.309-03 9.390-07 4.396-03 ... 
4.~OO+06 ~.~52-02 8.646+0~ 8.986-01 7.102+00 1.474-0Z 1.675+01 2.297-05 Z .244-(3 2.332-lH 1.843-03 3.825-06' 4.347-03 m 

5.~on+06 5.673-02 7.470+00 6.572-01 S.820+00 2.931-02 1.703+01 1.472-05 1.939-(3 1.706-B4 2 .289-0 ~ 7.607-06 4.421-03 
,-I 

6.(00+06 3.942-02 6.604+00 5.142-01 1.020+01 4.492-02 1.750+01 1.023-05 1.714-(3 1.334 -0& 2.673-0~ 1.16b-~5 4.542-03 }oo 
7.COO+06 2.898-02 5.936+00 4.205-01 1.160+01 6.043-02 1.805+01 7.521-05 1.541-(3 1.091-04 ; .• 011-03 1.568-05 4.~e3-03 Z 
~.(On+06 20219-02 5.1.,03+00 3.51.9-01 1.278+01 7.541-02 1.864+01 5.759-06 1.1.02-(:< 9.211-05 3.317-03 1.957-05 4.836-03 0 
9.(00+06 10754-02 4.967+0" J.064-01 1 d86+V1 8.971-02 1.924+01 4.552-06 1.289-(3 7.952-05 3.597-03 2.328-05 4.993-03 -I 
1. tOO+07 10421-02 4.602+CO 2.693-01 1.485+01 1.033-01 1.984+01 3.688-06 1.194-{3 6.989-05 :0.854-03 2.681-05 5.149-03 0 
1.100+07 1.174-02 4.293+CO 2.401-01 1.577+rl 1.160-01 2.043+01 3 .04 7-u~ 1.114-(3 6.231-05 ~.O 93-03 3.01,-rS 5.302-03 -I 
,.,00+07 9.869-03 4.026+00 2.164':'01 1.663+01 1.2!'1-01 2.101+01 2.561-06 1.045-(3 5.616-05 4.316-0:'1 3.325-05 5.1.'i3-03 » 
1.~OO+O7 ~.409-03 3.793+r.0 1.97C-C1 1.743+01 1.391.-01 2.157+01 2.182-06 9.844-(4 5.113-05 4.524-03 3.618:"05 5.597-03 ... 
1.!OO+O7 7.251-03 3.5~8+00 1.R06-01 1.81R+Ol 1.501-01 2.211+01 1.B82-C6 9.312-(4· 4.687-05 4.718-03 3.896-05 5.737-03 » 
1.~OO.O7 6.317-03 3.407+00 1.6~S-Cl loE8S+01 1.603-01 7. .262+\11 1.639-06 8.84;>-(4 1..329-05 4.91HHI! 4.160-05 S.1s71-0? -I 

1.l00+07 5.552-03 3.2&1.+00 1.549-01 1.954+01 1.699-01 2.311+01 1.441-06 8.419-(4 '4.020-05 5.071-03 4.409-05 5.999-03 0 
1.HIO+07 4.3n-03 2 .96S+~0 1.355-01 2.072+01 1.876-01 2.401+01 10 139-06 7.695-(4 3.517-05 5.377-03 4.869-05 6.232-03 ~ 
?COll+07 3.55~-O3 2.735+00 1.203-01 2.178+01 2.031-01 2.4e4+01 9.224-07 7.098-(4 3.122-05 5.6~3-03 5.287-05 6.447-03 n 
2.<0~+07 2.937-03 2.540+0~ 1.082-01 2.275+01 2.11'1.-01 2.562·01 7.622-07 6.592-U 2.808-05 5.904-03 5.668-05 6.649-03 
2 •. ~OO+07 2.468-03 2.374+0r. 9.632-02 2 .36~.01 2.318-01 2.631.+01 6.405-07 6.161-04 2.552-05 6.133-03 6.916-05 6.635-03 n 
2.6~O+07 2.1 C3-03 2.229+0~ 9.006-02 2.443+01 2 .442-~1 2.70~+01 5.458-07 5.785-04 20337-05 6.34l!-03 6.336~05 7.006-03 '" 2 .100+ 07 1.F.13-03 2.103+00 8.307-02 2.517+01 2.556-01 2.761+01 4.705-~7 5.458-[4 2.1~6-05 6.532-03 6.634-05 7.166-03 0 

lit 
3 .~OU+07 105~0-n3 1.991+00 7.705-02 2.5P5+01 2.6t,2-01 2.819+01 40161-07 -5.167-01. 2.000-05 6.709-03 6.9li9-0·5 7.315-03 lit 

4.~nO+07 1'.885-04 1.582+00 5.664-02 2.~61+01 3.097-01 3.0S6+01 2.306-0i 4.106-(4 1.Ho-OS 7.&25-03 8.038-05 7.931-03 lit 
5.CO()+07 ..,.b'l7-()4 1.321+00 4.474-02 3.0b7+()1 3.424-01 3.7.38+01 1.476-07 3.42~-t4 1.161-05 7.96(\-O:! 8.l'86-05 8.403-03 m 
f.r n p+07 3.949-01. 1.13P+OO 3.697-02 3.27«.01 3.681-r.1 3.380+01 1'025-07 2.953-(4 9.595-06 8.372-03 9.553-05 8.773-03 n 
/l.(OC+07 2.221-04 8.974-01 2.744-0? 3.461+01 4.064-01 3.59&+01 5.764-08 2.329-(4 7.121-06 8.98:>-03- 1.055-~4 9.328-03 -I 

1.~OO+08 1.472-04 7.449-01 2.181-0Z 3.6Z£+Ol 4.341-01 3.746+01 3.69C-OB 1.933-(,4 5.660-06 9.1.10-03 1.127-04 9.n2-03 0 
1.~OO+C8 6.319-05 5.305-01 1.4/,2-0~ 3.81\7+01 4.793-01 3.989+01 1.640-08 1.377-04 3.742-06 1.00 <;-02 1.244-04 1.035-07. Z 

~ 7.~OO+08 3.554-05 4.159-01 1.076-02 1..047.+01 5.074-01 4.135+01 9.224-09 1.079-(1. 2.793-06 100-49-02 1.317-04 1.073-02 lit 

... 3.~OO+0l! 1.5~0-05 2.948-01 7.145-03 1..223+01 5.415-01 4.307+01 4.101-09 7.651-(5 10854-06 1.09£-02 1.&05-04 1.11P-02 ." 
:r 4.(00+08 8,/,86-06 2.309-01 5.347-03 1..326+01 5.618-01 1..406+01 2.306-~9 5 .993-~5 1.388-06 1.123-02 1.458-04 1.143-02 0 
~ 5.~OO+O8 5.687-06 1.911-01 4.272-03 4.394+01 5.757-01 4.471+01 1.476-f!9 4 .960-~5 1.109-(16 1.1&0-02 10494-04 1 .160-02 '" 
n 6.(00+08 3.949-06 1ol>36-01 3.557-03 4.443·C1 5.858-01 &.518+01 1.025-09 4 .21.6'-~5 9.231-07 1.153-02 1.52P-04 1.173-02 ." 
:r e. (00+0-8 2.221-06 1. nfl-Ol 7..665-03 4.507+~1 5.998-01 4.580+01 5.761.-1G 3.317-C5 6.916-07 1.170-02 10557-04 1.1Q9-02 ::J: .. 
:I 1.tOO+09 10422-06 1.051-01 2.130-03 4.549.01 6.091-01 4.621+01 3.690-10 2.728-05 5.52&-07 1.181-02 1.581-04 1.199-02 0 

1.500+09 6.319-07 7.343-02 1.1.19-03 4.t.l0.01 6.230-01 4.680+~1 1.640-10 1.906-~5 :3 .683-01 10196-02 1.617-04 1.215-02 -I 

'" 2 .~Ot\+09 3.'554-07 5.683-02 1.M4-03 4.643·C1 (, .308-01 4.712+111 9.224-11 1 .47S-t 5 2.761-07 1.205-02 1.637-04 1.223-02 0 
~ 3. (00+09 1.580-07 3.951-02 7.089-C4 4.67".01 b.394-01 4.747+01 4.101-11 1.025-~5 1.840-07 1.211.-02 1.659-04 1.232-02 Z 

~ 
4 .~OO+l)9 P .8!l6-0~ 3.050-02 5.316-04 4.b98.Cl f..U5-01 4.766+01 2.306-11 7.916-~6 1.380-117 10219-02 1.673-04 1.237-02 U'I 

5.£00+09 5.687-08 2.494-02 4.252-01. 4.710+01 6.476-01 4.777+~1 101.76-" 1>.473-t6 1.10,1.-07 1.222-02 1.681-04 1.240-02 

1 6.(00+09 3.949-08 2.115-02 3.543-04 4.719+01 6.4<18-01 4.786+01 1.025-11 5 .489-~6' 9.195-08 1.225-02 1.686-0-4 1.242-02 

< ~.~CO+09 2.221-08 1.67.9-&2 2.657-04 4.7~0+01 6.527-01 1..797+01 5.764-12 4.228-~6 " .896-98 1.228-02 1.694-04 1.245-02, 

~ 1.~O~+10 1.422-08 1.330-02 2.125-04 4.736.01 6.546-01 4.803+01 3.690-12 3.452-f6 50515-118 1.229-02 1.699-04 1.246-02 
1 .~OO+1 0 6.319-09 9.193-03 '.417-04 4.746+01 6.571-01 4.813+01 1.640-12 2.386-06 3.678-08 ' .232-02 10 705-04 1.249-0~ 

~ 2.(90+10 3.554-09 7. 06~ -0 3 1.063-~4 4.751+01 (,.586-01 40818+01 9.224-13 1.831.-06 2.759-(\8 1.233-02 1.709'-04 1.250-02 

Z 3.(00+10 1.580-09 4.874-03 7.00-05 1..757+01 6.599-01 4.823+0-1 4.101-13 1 .265-~6 1.83!l-t'S 1 .2 ~5-02 1.713-04 1.252-02 

!' 4o~00+' 0 8.886-10 3.742-03 5.312-05 4.760 .. 01 6.609-01 4.826+01 2.306-13 9.712-H 1.379-06 1.235-02 1.715-04 1.253-02 

... 5.COO+10 5.6e7-10 3.01.7-03 4.250-05 4.762+01 6.614-01 4.828+01- 1.476-13 7.908-07 1.103-0S 1.236-1)2 1.717-04 1.253-02 . 6.(00+10 3.949-10 <>.576,-03 3.S42-05 4.763 .. 01 6.617-01 4.829+01 1.025-13 6.6I!5-H 9.192-99 1.236-02 10 717-~4 1.253-02 .. 8.COO+111 2.221-10 1.975-03 2.656-05 4.764+01 6.621-01 4.e30+01 5.764-14 5.126-H (, .893"':09 1.Z!6~02 1.711!-04 1.254'-02 --0 10[00+11 1.422-10 1.607-03 2.125-05 4.765+01 6.624-01 4.831+01 3.690-14 4.171-07 5.515-09 1.237-02 10719-01. 1.254-02 
Co) 

CD 
Co) 

0 
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." Z = 1 to 100-Continued Col 
:r • ~ 

" ~11 PA. PROTACTINIUH ~TOMrc WT. = 731.0359 1S0/KG .OOO2'065.BAR~S/AIOM HlLTtply .HS3/KG BY 10 FOR CMSOIG :r 
m 
~ 'AIR PRODUCT.ION PHR 'ROOUClION 

~ 
SCATTERING SCATTER INC 

PHOTON pHOTO- NU:LEAR ELECTRON rOTAL PHOTO- NuCLEAR E LECTIl.ON TOTAL 
ENERCY COHERE~T . tMCOHER. ELECTR Ie FlELO. FIELD COHERENT. IHCOHER. ELECTRIC FIElD . FIELD 

C a 
SlAT OM 'BlnOM tiS(.j/KG J! EV B/AlOM '-B/ATOH B/A TOM R/HOM· MSO/K!; MSO/K G MSO/KG HSIl/KG HSO/KG 

~ 1.000-06 1.416+00 1.905+0·1 ,9.<;85+00 o .~O 0 o.ooa 3.045+01 3.691-04 t. .9'65-0 3 2.603-0;" 0.000. 0.000 7.937-03 
:- 1.~22·06 1.358+00 '10885+01 9.~61+00 O.~OO 0.000 2.977+01 3.540-1)4 4.913-03 2·.492-41'3 0.4100 O.OOf) 7.159'-03. 

• 1.250+06 9.'65-01 1.708+0~·. 6"6~+.n 1.713·-lit 0.000 2.463 .... 01 2.38-9-01. 4.'52~03 . 1~684-0~ 4.465-65 0.000· 6.420-03 . 1.S00·06 6.409-01' 1.555.+01' 4.~9.5+00 ·8.'22-01 G. 0'0 0 2.163~ 01 1.671-04 4~053-03. 1.198~O~ 2.195-0~ . 110000 5.637-03 
:z 2.0Dn'C6 3.635-01 1.329+.01 '2.176+00 ·Z.n4HIO 0.4100' 10890+01 9'475-0~ 3.464-03 7.236-0' 6.449-0~ 0.000 4.927-03 
!' 7.04.1.-06 3.M'2:,,·01 1.313+01 2.a6+00 .2.S12+.(JO 0.000 10877+01 <;.076-05 3.422-03 .•• 975-0l . 6.80'-0' 0.000 4.891-'-03 

!" 3.00!!·O6 1.627.-01 1.047+01 1.~46+00 5.168+00 !.6S8-~3 . 1.725+01 '4.241-05 2 .729~O3 3.769-0t 1~3t.7-6s . 9.535-07' 4.496-03 

:0 
4.001Hi6 9.17.5-02 8.142+00 9 •• 42-'41 1 7.259+00 1.490-02· 1.70S+01 2.392-05 2.279-03 2.461-0t ·1.892-413 3.8~4-06 4.445-03. 
~.DOO+06. 5.8841-02 7.552wOO . 6~G05-01 9.D05+00 2.963-02 1. 734",01 . 1 .533-05 .1.968-03 1.AOO-0~ 2.347:'03 7.7.23-06 4 "51 '1-03 

01 .6.900-06 4.C86-D2. 6.677+00 5.~O1-{)1 "~5D+01· 4.541-02 1.780+1)1 1.065-05 .1.740-03 1.4D8-0l 2.737-03 1.184-05 4.641-03 . 
0 

7.000-06 3.004-02 ·6.DOZ'00 4.~17-01 1.183+01 6.109-02 1.83(-+01 7.830-06' 1.564-'03 1~151-01·. 3.0~'-O3 1.S'72-05 4.787.-03 . 
8.000.06 2:.300-02 5.463+00 3 •• 26-01 1 .~03.+ 01 7.623-02 1.896-t~1 5.995-~6 ·1.424-03 .9.712.-05 3 •. 396-03 1.987-05 4.943-03 :to 
9.0CO·0t> 1.818-02 5.022+00 3.211-01 f.412+~1 9~D6.8-02 1.957+01 4.739-06 1.309-03' 8.3~5~n~· 3.68{1-03 2.364..,41'5 5.102-03 ·C 
10000--07 1.473-02 4.653+00 ?.t28-0 1 1.513+01' 1 •. 044-01 2.018+01 3 .839:"06 1.213-03· .1.371-05 3.9 U-03 2 •. 721-.05 5.261-03 " ·,.1110-07 1.217-02 4.;340+00 ?520-01 1.507+01 1.173-01 2.079+01 3.172..,06 1.131.,.03· 6.568-05 .4.H9-0.3 3.057-05 . 5.419-03 " n 
1.200.07 1.023'-02' 4.071+110 2.;;72-01 1.694+01 1.295~01· 2.138+01 2.666-06 1o~61-0~ 5~922",,05 ~.415-03 3.375-05 5.572-03 ,.. 
1.3011-07 8.717-03 .3 .~35 +041· ?M7-01 1.776+~1 . 1.4419-01 2.195.+01. 2.i72·-M 9.996-04 5.38~-OS 40629-03 3.673-05 5.722-03 r 
1.400.07 7.517-03 3.628+00 1.~96-01·. 1.B5~.01 1.517-(11 2.250+01 1.1)59-06 9.457-04 ~.942-05 . t..'27~O~ 3.954·-05 5.864-03 0 1.SIl0-07 6.S48-03' 3.445+00 1.751-01' 1.923+01 1.620-01 2.302+.0,1. 1.707,-06 flo 98 0-0:4 :4~56'-05 S.Q12-j~ 4.223-05' 6.0(10-03 
10.600'07. 5.755-03. 3.280+00' 1.~25-01 1~~90+01 ·1.717-01 2.352+01' 10500-06 E.549":04 4.236..:05 5.187-03 4.415-05' 6.131-03 i 
1 .• 800.01 ·4.54~-03 2.998fOO .1.L22":O\ 20111+(11 J .896-01 .2.444+01 ,1,.,85-06 7.814:-04 3.7.417:-05 5.502-03 4.942..,05 6.372-03 ~ 2.4100.07. 3.6!!4-03 2.765+0Q 1.2f.3"':01 . 20219+01 2 .059-01 2.529+01 9.602-07 7.207-'04 3~Z92-05' 5.784-'03 5.367-'415 6.592-03 

. 2.200.07 "I.n45-03 2.568+00 1.'36-0t 2.317+01. 2.2417-01 2.608+01 7.937-07 '6.694-04 2.961-05 6.039-'03 5.753-05 6.797-03 >. 2.400.C.7 2.558-03 2.40C+00 1.132-01 20407+01 2.343c-01 2.631+111 f .668,..07 6.2'56-04 2 ~t>90-'C·5 l .. 274-03 6.107-05 6.988-03 Z 2,600+07 2.180-03 2.25f,+00 9 •• 49.,.02 2.489+01· 2.467-01 2.74<;>+01 5.682-07 5.875-'04 2.463":OSb.48e-oj 6.430'-,05 7.,65-03 '0 

. ?800+07 'i0880-0 3 2.126+00. 8.H6-02 2.564+01 2.583-01 2.811+01 4'90()-07 5.542-04 2 '272-0, 6.683-03 . 6~733-n5 7.328-03 
3.000+07. 1.637-03 2. (/13+00' 8 .t88-0 Z Z .633+0'1'" 2.690-01 2.869+01 4026.7-07 5.247'-04 2.108:"05 6.863--03 7.012-C5 7.479-03 -e 
4.0.00+07 9.211-04 1.6.00+0'0 5.Q42-02 20915+01 3.130-01 3.112+01 2.401':'07 4.17~-O4 1.549-05 7.598-03 8.158:':05 8011Z-03 < 
5.000+07 5~895.,04 1.335+00 4.694-02 3.125·':01 3'.460-0,1 ~';298+01 . 1.5.37-07 '!<.480~04 '1 .• 224":0, 8.145-03 9.019-05' 8.596-03 m 
6.000+07 4.094-04 1.15.0+0!) 3.879-02 3.2~7+~1 3.719-0'1 3.443+01 1.067-0, '2 ~9n~o4 10011-05 11.568-03 9./\94-05 8.975-03 ;Ia 

~ 
'P.f) QO+O 7 2.303~04 9.074-01 2.~78-02 3.526+01 4.106-01 3.661 +01' 6.003-0B 20365-04 7'-502-0 •. 9.1<;>1-'03 1';()10~04 <;> .5'42-'-03 & 
1.0410+08 1.li74-04 7.5~1-(l1 :>.Z88-0 2 3.694+01 4.385.-01 3~815'+01 3.842-'08 1 •. 963-04 5.964-0'; 9.629-03· 1.143-04 9.945-03 
1.';00+01\ . 6.550-05 5 .• 363'-01 1.S12-D2 3.960+Q1 4.8li1-01 •.• 064'+01 1~707-08 1.396-04 ·3·.941-0b 1 .0 ~2-02 1'.262-04 1.059-02 
i.·OIlO+08 3.684-05 4.?05-01 101Z9-0Z &.11R+01 . 5.124-01 4.212+01 9.602-09 '1.096:-04 2.943-'-0 • 1.0·73-02 '.336-04 1.098.,.02 
3~(! OO+OP . 1.638-05 2.981-01 :7.'94-03' 4.303+01 5.467 .. 01 4.38e+Ol 4~270-09 7 .. 770.,.0 S 1.953-0. ·1.12Z-02 1.425-414 1','44-02 
4.0CC+08 9.211-06 2 .3~4;"O1 5 .6418-03 4.408+01 5.-671-01 •• 489+01 2.401-09 . 6.084-ti5· 1.462-06 10149-02 10478-.04 1.170-02 
S.OCO+08 'j .895_06 1.932-01 4 .• '8.1:'~'" 4.4.7[1+01 5.8",'-01 ~.556+01 1~537-09 5,036.,.05 1.168'-06 1.167-02 1.515-414 1.11\8-0;> 
6.000+08 4.0<>':"'06 "'655-01 3.731-03 4.S27H:1 5.912-01 Ao603+01 1.067':09 4.314-05 9.725--07 101~O-C;> 10541-04 1.200-02 

·!l./l1l0+08 ·2.303-06 1.292-[1 2.795:- 03 4.593+01 . 6.953-01 ~.661.+01 6.603-10 :3 ~3l8,.05· :r.Ze5-0r oj .197-02· 1·578-04 10216-.02 
1.00~1t9 1.474:'06 1.063-()1 '2.234-03 4.636+0.1 6.14'6-(1.1' ~ • .708+'1i1 3.842'-10 2.77'-'-05' 5'823-'07 102~8-07. 1.602.-04 , .221-02 . 
1.500+09 6.550-07 7.424-02 1 •• 88-03 4,,698+411 6 .. 285-01 &O168+(l1 1.707-tC 1'0935'-05' 3.~79-07 1.225-il2 10638-C4 1.243_0:! 
2'~OOO+09 3.684-.07 5.746-02 1.116-n3 4.7::1+0t 6.364-01 &.800+01. 9.602'-11 1.498-05 2.909-07 1~233-CZ' 1.659-04 ·1.251-:"02 
3.000+09 1.638-07 3.995-02 . 7.13S-~4. ~.,768H1 6.4S0--01 l.:837+01 4.270-11' 1.0'1~t5 1f938~a7 ·1.Zt.3-C2 1.681'-04 1~261-il2 
4.00G+09 9.211'-'011 3.08&-02 5.575-04 4.787+111: 6.500-01 i.a5S+!!1 2.401-11 8 .039~O6 1.453-lH 1,248'-ri2 1.694'-04 1.266-02. 
S. 060+ 09 5,895-.08 2.521-t'2 4.&59-04 &,800+01 '6.531-01 1.868+0.1 1.537-11 6.571-06 10 162~()7, 1.2~1~j~· 1~762.,0' 1.269.,.02 
6,(100+09 400.<14-08 2.138-02 '3.716-04 4.809+01 6.55,3-01 l,877+il1 1.067-11 5.573-06 9~686-0~ 1.253.,1? 1.708,114 1.271-02 
~.OO~+09 2.303-08 106&7-02 2.787-04 4.820+01 6.582-01 L.887+01 .60003-12 4.293.-06 i,U;'4:"03 10256-C2' 1'0716-04, 1.274-02 
,.OOC+'! 0 1.474-08 1. 345:'02 2.229-04 4.827+01 6.601-'01 t.S94+01 3.1142-12 3.506-06 5.810-(l~ . 1'.2511-(2 1.721:".04 1.276-02 
hS'(fU-tl0 6.550-09 "9 i 295-03 1~~86-D4 . 4.837~n1 60626-01 -£.9114+'01 1>707-12 2.423-06' 3.873-'08 .. ·10261-(2 ".727-04' ·1.278-02 
2.0ClC+10 3.684-09 7.146-03 10114-04 4.842+0.1 6.6&1""01 •• 909+01 9.602-13 1.863-06 2.904-0B 10 262-'-(2 1.731-04. 10280-02 
3.00C+10 . ;.638-09 4.928-03 7.429-~5 4,848+01 6.654-01 l.9fs+Q 1 4.27C-13 1.285 -{)6 1.9.36-'08 10264-~2 10 734~04 1.281'-02 
4.~ClC+l0 9.211-10 3.784-03 5.572-05 4,851+01 6.663-01 •• 918+01 20401-13 9.863-07 104:>2-0B 1.264-~·2 1.737-04 1.2~2-02 
5.00(+10 5 .8 Q 5-"1 0 3.081-03 4.~57-05 4.852+01' 6.669-01 4.919+01 1.537-13 8~031-07 1.162-M 1.265-(2. 1.738-04 1.28?~02 
6 .1'OC~ 1 O· 4.094-10 ?605-03 3.1i4-05· 4.854+01 6.672-01 .•• 921+01 1.061'-13. 6.790-07 9.681-011 1.265-~2 1.739-04 1 i283-02 
e .oor+'o. 2.303-10 1.997-:03 2.11\6-05 4.855+01 6.676-01 40922+01 . 6~0(j3-14 5· •.. 205-07 7.262_09 1.265-~2 1.740-04 1.283-02 
feOO(+11 1.474-10 1.625~O3 2.229-05 4.856+01 6.679.,01 hn3<01 3.81.2:"14 4.236-07 5.810-09 10266'-12 1.741-~4 1.283:"02 



TABLE 6. Cross sections and mass attenuaticn coefficients for the individual and total photon atom mteractlOn processes, I MeV to 100 GeV, 
Z=I to IOo-Continued 

9;>, U J URANIUM HOHIC lIT. = 238.051 HSO/KG = .00025!97 BARNS/ATOM MULTIPLY MSO/KG BY 10 FOR CMSO/e 

PA IF! PRODUCTION PA IR PRODUCT I ON 

SCA TT ER I HG SCITTERING 
NOTON PHOTO- NUClEAR ElECTRON TOTAL PHon- NUCLEAR ELECTRON TOTAL 

E~E!1GV COHERENT INCOHER. E LEeTI! Ie FiElD r IElO COHEREH INCOHER. ELECTRIC FIELD FIELD' 

EV ~ I ATOM BIATOH BtA TOM BIATOM BIArOH BIATOH HSO/K. MSO/KG MSO/KG MSD/KG MSO/KG HSO/KG ." 

h}00+06 1.466+00 1.925+01 1.049+111 0.000 0.000 3-.121+01 3.709-)4 4.870-03 2.654-03 o.ooe o.OGO 7.8'14-03 
~ 

1,')2?+06 1.405+00 1.905+01 1.(lG5+01 n.OOG 0.000 3.050+01 3.554-)4 4.819-03 2.54;>-G3 0.00. n.roo 7. i17-03 jD 
1.250+06 9.487-01 1.726+01 6.792+00 1.761-01 0.000 2.518+01 2.400-)4 4.366-03 1.718-03 4.45!-G5 0.000 6.369-03 .... 
10500+06 6.635-01 1.572+Gl 4.830+00 8.6<)1-01 D.GOO 2.208+01 1.67?,-)4 3.977-03 . 1.222-03 2.19~-04 0.000 5.586-03 ::!III 

2")00+06 3.764-01 1.344+01 2.917+00 2.5£6+00 o.oo~ 1.928'01 9.522-]5 3.400-03 7.379-0£ 6.441-04 0.000 4.877-03 :;; 
:>.14£+06 3.606-01 1.327-r1 2.812+00 2.68fl+OO 0.000 1.913+01 9.122-)5 3.357-03 7.114-04 6.80'-04 0.000 4.840-03 .... 
3.]00+06 1.685-01 1.059+P1 .1.520.00 5.294+00 3.698-03 1.758+01 4'263-)5 2.679-0! 3·845-04 103'3'-03 9.355-07 4.446-03 m .... 
4.,)00+06 <; .505-02 e.83~·OO 9.1)18-01 7.419+00 1.';07-(12 1.736*01 2.405-')5 2.236-03 2.509-04 1.1177-03 3.812-06 4.391-0~ 

, 

5.~OO+06 6.092-0;,> 7.635+00 7.2'51-01 9.1'11+00 2 .9~6-02 1.764+01 1.541-)5 10931-03 1.834-04 2.3;>1-03 7.579-06 4.463- 03 ~ 
6.'00+06 4.234-02 6.750+110 5.671-01 1.071+01 4.590-02 1.812+01 1.071-'5 1.708-03 1.435-04 2.70~-1l3 1.161-05 4.583-03 Z 
7.?OO+06 3.112-02 6.068+01) 4.637-01 1.206+01 6.175-02 1.868+01 7.873-)6 1.535-03 1.173-04 3.051-00 10562-05 4.727-03 C 
8.~or+06 2.383-02 5.523.0(1 3.911-01 1.327+01 7.705-02 1.9;>8+01 6.028-)6 1.397-n3 9.894-05 3.357-03 1.949-05 4.879-03 

-of 
9.~00+06 1.884-02 5.077+0C 3.377-01 1.439+01 9.166-02 1.992+01 4.766-)6 1.284-03 11.0;43-05 3.6U-03 2.31<)-~5 5.0311-03 0 
1.~OO+07 1.57.ti-OZ 4.705+00 2.968-01 1.S41+el 1.055-01 2.053+01 3.860-)6 1.190-03 7.508-05 3.S9t-03 2.669-05 5.1"4-03 .... 
1.100+07 1.261-02 4.388+00 2.645-01 l.f37+01 1.186-01 Z.115+01 3.190--)6 1.110-03 (: .691-05 4.14'-03 :!.OO(l-05 5.351-03 ~ 
1.l00+07 1.060-0Z. 4.116+00 2.384-01 1.725+01 1.308-1'1 2.175+01 2.682-)6 1.041-03 b.031-05 t..36l-03 3.309.-05 5 .• 5n '-03 

,... 
1.~OO+07 9.033-03 3.677+00 2.169-01 t.!'CIl+01 1.42&-01 Z.233+01 2.285-·)6 9.808-0& 5.4e?-OS 4.57&-03 3.602-~5 5.6t./!-03 ~ 
1 •• 00+07 7.789-03 3.668+00 1.989-01 1.H6+01 1.533-01 2.289+01 1.970-16 9.Z79-04 5.032-115 4.77'-G3 3.871>-05 5.790-03 .... 
1.,00+07 6.785-03 3.482+0~ 1.837-01 1.959+01' 1.637-01 2.343+01 1.716-06 8.809-04 4.647-05 4.95£-03 4.141-05 S.1<26-03 0 
1.6nO+07 5.964-03 3.316+00 1.705-~1 ?077+Q1 1.735-01 2 .394 +(11 1.509-:)6 8.389-04 4.313-05 5.1?~-03 '4.3['9-05 6.055-03 ~ 
1.300+07 4.713-03 3.031+00 1.491-01 2.150+01 1.916-01 2.488+01 1.192-06 7.668-04 3.772-05 5.43~-03 4.847-05 6.2'1,-03 n 
Z.~00+1J7 :5 .817-03 2.70.5+00 1.325-01 2.260+01 2.081-01 2.574+01 9.656-17 7.071-6& 3.352-05 ~. 717-()3 5.264-05 6.511-03 

2.200+07 3.155-03 2.596+()O 1.191-01 2.360+01 2.230-01 2.654+01 7.981-07 b567-04 3.013-05 5.97(-03 5.641-05 6.714'"03 n 
2.AO~+1l7 2.651-03 2 .426+0~ 10082-01 2.451+01 2.367-()1 2.728+01 t.706-07 6.137-04 2.737-05 6.20~-O3 5.988-05 6.'102-03 ::!III 

,.1100+07 2.259-03 2.278+00 9.'111-02 2.535+01 2.£93-01 2.796+01 5.715-07 5.763-04 2.507-05 6.41:3-03 6.307-05 7.078-03 0 
2.rOO+07 1.948-03 2.149+00 9.141-02 2.611+01 2.610-01 2.861+01 4092~ -t? 5.436-04 2.312-05 6.6 r ~-O:>: 6.c03-05 1.238-03 tit 

tit 
3.~nO+07 1.697-03 2.035+00 ~.482-02 2.682+01 2.716-111 2.921*01 4e293-t7 5.1& 8-0 4 2.146-05 6. 78~-03 6.876-05 7.390-03 
£.OOr+07 9.545-04 1.617-00 6.231-02 ? .969+01 3.16;>-01 3.169+01 2.415-17 4.091-04 1.570-05 7.511-03 7.999-05 8.016-03 tit 

5.(00+07 6.109-04 10350+00 4.922-C2 3.182+01 3.495-01 3.357+01 1.545-07 3.415-04 1.245-05 8.051-0:- 8.841-05 8.492~O3 
m 
n 

6.f:OO+07 4.242-04 1.163+{)0 4.067-02 3.341>+01 3.757-01 3.506+01 1.073-17 2.942-04 1.029-05 8.47~-03 9.504-(15 8.869-03 .... 
8.e OO+C7 2.386-04 9.174-01 ~.018-C2 3.591+01 4.148-01 3.727+01 6.036-18 2.321-04 7.635-06 9.0P~-O~ 1.049-04 9.429-03 0 
1.~OO+0'l 1.527-04 7.614-01 2.399-02 3.763+1)1 4.429-01 3.886+01 3.863-08 1.926-04 6.0(,9-06 9.5H-03 1.120-04 9.830-03 Z 

~ 
1.~OO+08 6.788-05 5.422-!l1 1.585-0? 4.034+01 4.889-01 4.139+01 1.717-08 1.312-04 4.010-0b 1.02f.-02 1.237-04 1.047-02 tit 

." 
2.HI0+08 3.818-05 4.751-01 1.184-02 4.195+01 5.175-()1 4.290+01 9.659-19 1.075-04 2.995-66 1.061-() 2 1.309-04 1.085-02 "It 

:r 3.t'OO+D8 1.697-05 3.013-01 7.857-03 4.383+\)1 5.520-01 4.469+01 4.293-09 7.622-05 1 .9~8-a6 tel0S-0? 1.396-04 1.131.,.02 0 
1i 4.rOO+OB· 9.545-06 ;>.360-01 5.S80-03 4.491+01 5.726-01 4.572+01 2.415-09 5.970-05 1.487-06 1.1"f-02 1.449-04 1.157-02 ::!III 

n 
5.COIl+08 6.109-06 1 .954 -01 ~ .697-03 4.562+01 5 .8£,7 -01 4.6£1+01 1.545-19 4.943-05 1.188-06 1.154-02 1.484-04 1.174-02 

:r 6.[00+08 4.7.42-06 1.673-01 3.911-113 4.61<+01 5.'169-01 4.689+01 1.073-09 4.23Z-05 9.894-07 1.167-0, 1.51.0-04 1.186-02 ." 

.. 8.000+0~ 2.386-06 1.306-01 2.930-03 4.679+01 6.110-01 40753+01 6.036-1 Q 3.304-05 7.412-07 1.184-0? 1.S46-~4 1.20Z-02 ::c 
~ 

0 
1.COC+09 1.527-()6 1.()75-01 2.342-03 4.723+01 6.204-01 4.796+01 3.863-'0 2.719-05 5.925-07 10195-02 1.569-()4 1.213-02 .... 

'" 1.500+09 6.788-07 7.506-02 1.560-03 4.786+(11 6.344-01 4.857+01 1.717-'0 1.899-05 3.946-07 1.211-()2 1.605-04 1.229-02 0 .. 
:0- 2.~QO+09 3.818-07 5.P09-02 1.17~-C3 4.82C+Ol 1I.423-()1 4.890+01 9.65'1-' 1 1.470-05 2.960-07 1.21~-O2 1.625-04 1.2~7-D2 Z 
C 

3.000+o, 1.697-07 4.039-02 7.794-04 4.857+01 6.5119-01 4.926+01 4.293-·'1 1 .022-05 1.972-07 1 .Z?,~-02 1.647-~4 1.246-02 CIt 

D 4.COO+09 9.545-0.8 3.1110-02 5.845-04 4.87P+Ol 6.561-111 &.947+01 2.415-'1 7.88S-06 1.479-07 1.Z}4-02 1.660-04 1.251-02 

~ 5.COO+09 6.109-08 2.51.9-02 1.675-06 4.e90+01 6.592-01 4.959+01 1.545-'1 6.6411-06 1.183-07 1.237-07 1.668-04 1.254-02 

< 6.C~0+0' 4.24.2-08 2.162-02 3o€95-04 4.899+01 6.614-01 4.967+01 1.073-'1 5.469-06 9.853-011 1.23~-O2 1.673-04 1.257-02 

~ 
8.000+00 2.386-08 1.66S-0? ~.921-04 4.'111+01 6.643-()1 4.979+01 6.036-'2 4.212-06 7.389-0f. 1.242-02 1.660-04 1.260-02 

1.C!!0+10 1.527-08 1.360-1'<, 2.337-04 4.918+Gl 6.662-01 4.986+01 3.863-,2 3.4H-06 5.912-02 1024'-0? 1.685-04 1.261-02 

:!' 1.~OO+10 6.788-09 9.397-03 1.5511-{)4 4.928+01 6.686-01 4.996+01 10717-12 2.377-06 3.941-01'· 1.24i-0? 1.691-04 1 .264-02 

Z 
Z .~OO+l 0 3.~18-09 7.2;>5-03 1.168-C4 4.933+01 6.701-01 5.001+01 9.659-'3 1.&28-06 2.955-0t1 1.24E-02 1.695-04 1.265-02 

!' 3.~00+10 1.697-09 4.983-03 7.78B-fl5 1..939+01 b.715-1)1 5.007+01 4.293-13 1.261-06 1.970-08 1024 ~-02 1.699-~4 1.267-02 

,It> 
4.~OO+10 9 ;545-1 0 3.825-03 5.841-~5 4."42+01 6.724'-01 5.010+01 2.415-13 9.676-07 1.471\008 1.25(-{j2 1.701-04 1.267-02 

5.000+10 6.109-10 3.115-03 A.673-05 4.944+01 b. 73 0-01 5.012+01 10545,-13 7 .88~-07 1.1~2-08 1.2~1-02 1.703-04 1.268-02 

... 6.000+10 4.242-10 2.633-03 ~ .894-05 4.945+01 6.733-01 5.013+01 1.073-'3 6.661-07 9.851-0" .1.251-02 10703-04 1.268-02 -
-0 8.000.,0 2.386-10 2.01Q-'f:3 ?9:?O-O5 1 .. 947'01 6.737-01 5.015+01 6.036-'& 5.198-117 7.:'187-0<;' 1.251-02 10704-04 1.269-02 Co) 

lID UI 
0 1 .000+ 11 1.527-10 1.643 -03 ~.336-05 4.948+", l:.7&O-Ol 5.016+01 :3 .a63-~4 4.156-07 5.909-119 1.<'52-02 1.705-04 1.269-02 



!- TABLE 6. Cross sections ~nd mass attenuation coefficienls foT' the individual and total photon atom interaction processes, 1 MeV to 100 GeV. 
... Z=l to lOO--Continued Co) ... 0-
~ 
n Q3, NF. NEPTUNIUM ATO"IC VT. = ?37.0482 "'!'C/KG .0002540G BARNS/ATOH ftUlTIPlY "SO/KG ~y fO FOR CHSO/e ... 
" ? DAT~ PRODUCT ION PAIR PRO[lUCTl~N 

SCATTERING SCATTER ING .. 
ll-

PH(lTON PHoTO- NVCLFAR [LECTRON TOTAL PHOTO- NUCLEAR HEtHON TOTH 
E NfRG Y COIIERENT INCOHER. ELECTRIC FIElD fIElO COHERENT IMCOHER. ELHTR:I: rrno FIELD 

0 • EV r.JATOH BlATt)" ~lAtOH BIATOM SOTOM B IATOH "Sa/KG "Sa/KG "SO/KG "SO/KG HSO/(f HSO/KG 
1 
< 1000~+06 1.516+00 1.966+~ 1 1.ln+Ol o.eoo hOOD 3.200+01 3.851-04 4 .9A4-0 3 2.800-13 a.oor 0.000 8.l?R-03 

~ 1.027.+06 1 •• 53+00 10926+01 1.056+01 o.eoo 0.000 3.127+01 3.691-~4 4.B93-03 2.e!l3-t3 0.00(: 0.000 7.965-03 

_'0 
1.2SQ+06 9.815-01 10745+Cl 7.137+00 1.809'-Cl 1.000 2.575+01 2.493-04 G.433-03 1.813-13 4.596-05 0.000 6.541-03 

1.500+06 6.867-01 10589+01 5.074+00 ~.961-01 n.oa 0 2.255+01 1.745-0& 6.037-03 1.2S<;-!3 2.276-0' O.~OO 5.728-03 

Z ?nON06 3.~Q6-01 1.~58+01 3.065+00 2.618+00 &.O()O 1.965+01 9.898-05 3.&50-03 7.7P.6-1& 0.651-04 0·000 £.993-03 

~ 2.044+06 :- .732-01 1.342+01 2.954+00 2.763+00 0.000 1.951+01 9.481-05 3.£09-03 7.50&-14 7.019-04 O.flOO 4.956-03 

!- ".nOQ+(l6 1.71.5-01 ,.On+Ol 1.596+00 5.£20+00 3.73I!-03 1.789+01 6.1.33-05 2.718-03 4.055-04 1.377-03 9.496-07 4.51.6-03 
4.000+06 ., .S4 3-02 l? .9::6+0C 1.0/.1+00 7.575+00 1.523-02 1.766+01 2.501-05 2.270-03 2.645-0G 1.9?6-03 3.869-06 4.487-03 

~ 5.000+06 6.,09-02 7.718+00 7.611-01 ~.371,HO ~.O21'-O7. 1.795+01 1.603-05 1.<;61-03 1.93G-04 2.381-03 7.692-06 4.559-03 

'" 6.000+ C6 4.3:15-02 6.823+00 S.951-01 1.C91.01 : .. 6GD-C2 1.842+01 1.116-05 1.733-0:- 10512-~4 2.772-03 1.179-05 G.679-03 
0 7.000+06 3.223-02 6.n4+00 6,P6S-Cl 1.n8+01 6.241-02 1.900+01 8.12&-06 1.558-03 1.236-.4 3012G-03 1.51'5-05 4.826-03 

R .or6~66 2.469~O2 5 .58!+ 00 4.104-~1 1.351+Q1 7. n 7-02 1.961+01 1>.27;>-06 1.418-03 1 .C43-~4 3.4:,;>-03 1.'178-05 4.9l11-03 :r: 
9.001)+06 1. 0 51-02 5.132+00 3.54;>-Cl 1,4(4-01 9.7.b3-02 2.024-01 4.9S6-06 1.304-03 I! .998-'5 3.719-03 2.353-05 5.141-03 c: 
1.0C/'+07 I.Sel-02 4.756+r.O 3.113-01 1.569.01 1.066-01 2.088+01 4.016-06 1.208-0~ 7.908-05 3.986-03 2.708-05 5.304-03 IJI 
1.100+07 1.307-02 4.436+nQ 2.774-01 1.666.01 I.19f-01 2.1S1+01 30320-06 10127-03 7.04 7-'5 4.2~7-03 3.043-05 5.464-03 IJI 
1.200,07 1.098-02 G .160+no 2.500-01 1.7S6+Cl 1.322-01 2.211+01 2.78<;-06 1.057-03 t.351-0S 4.461-fJ3 3.3S~-05 5.lo18-03 m 
10300+07 o.35t-C3 3.919+ 00 2.275-0 1 1.~40·01 ,.43Q-~1 2.270+01 2.377-06 9.956-04 5.779-05 &.6U-03 3.656-nS 5.767-03 r-

1.400+07 8.068-03 3.708+r0 2.086-rl 1.919+01 1.550-01 2.327-01 2.050-06 9.420-04 5.299-.5 4.875-03 3.938-05 5.911-03 !'" 

105OO+c)7 7.f28-03 3.52(1+00 1.'26-01 1.993+r.1 1.1',56-01 2.382"01 1.785-06 8.942-04 4. P93-0S S .06:;<-0: 4.202-05 6.05C-03 Cl 
f .600+07 ~.·77-1l3 3,352+00 1.788-01 2.r.63+~1 1.753-01 2.1.34+01 1.569-06 8.516-04 4.542-05 5.241-03 4.453-05 6.1RG-03 i 
1.800-07 4.881-03 3.066+00 1.~6t-~1 2.18B+01 1.936-01 2.530+01 1.24G-06 7.784-04 3.973-15 5.S 58-03 4.91b-OS 6.G27-03 

2 .OO~+Q7 3 .'S4-0 3 2.87.6+ell 1.389-01 7. .300+01 1.102-01 2.618-01 h1l1l4-06 7.179-04 3.529-.5 5.843-03 5.340-05 6.651-03 ~ 
2·200+07 3.168-03 2.625+00 1.249-01 2.402+01 ,.253-01 2.700+01 8.302-07 6.669-04 3.173-'5 6.102-03 5.721.-0S 6.85Q-03 

2.40fl+07 7..746-03 2.453+00 1.134-01 2.4Q5+01 1.392-01 2.776+01 6.976-07 6.232-04 2.881-15 6.338-03 6.077-05 7.0~2-03 :r-
2.600+07 2.340-03 2.303+00 1.039-01 2.580-01 1.519-01 2.846+01 5.945-07 5.851-06 2.6/00-05 6. H4-0 3 6.399-0S 7.230-03 Z 
2.~on+(l7 ?pl15-03 7. .173+00 9.580-02 2.658+01 20637-01 2.911+01 5.127-07 5.520-06 2 .63G-15 6.752-03 6.699-05 7.396-03 C 

3.000+07 1.757-1)3 7. .~57+CC f.S92-02 2.730+01 2r7H'-01 2.972+01 4.464-07 5.226-04 2.259-t5 6.935-03 6.976-05 7.~51-03 $ 
4.000.07 9.f,!l6-04 1.635+00 6,531-02 3.023+01 3.195-01 3.225+01 2.511-07 4.15&-04 1.659-0S 7.680-03 e.117-05 8.193-03 < 
5.000+07 6.327-04 1.365 +00 5.15 9 - 0 2 3.240.01 3.531-01 3.£17+01 1.607-07 3.468-04 10311-15 8.231-03 8.970-05 8.6~1-03 m 
f .~0~+O7 4.394-0G 1.176+00 40263-02 ~.40C;+01 3.795-01 3.,69+01 1.116-07 2.98~-04 1.083-tS R .66 0-0 3 9·641-05 9.066-03 ;Ia 

1\,000+07 2 •• 77.-04 9.273-V1 3.163-02 :!,f.57+ 0 1 1.190-Cl 3.795+01 6.280-08 2.356-04 a .035-&6 9'290-03 1.C64-04 9.640-03 IJI 

1.00r+1\S\ 1.~82-04 7.697-01 2.514-02 ~.8~2+01 ,.473-01 3.956+01 4.019-08 1.955-0& 6.387-'6 9.735-03 1.136-04 1.005-02 -e 
1.500+08 7.030-05 5.481-01 1.661-02 40108+01 ,.938-01 4.214-01 1.786-08 1.392-04 6.220-06 1.0&&-02 1.Z54-0G 1.071-02 

2.000+0I! 3.QS4-05 4.298-01 1.240-02 6.272+01 5.725-01 4.368+01 1.004-08 1.092-04 3.150-06 10085-02 1.327-04 1.110-02 

3.00NC8 1.758-05 3.046-01 ~.233-0J 4.4t3+01 5057/.-01 4.550+01 4.466-G9 7.738-05 2.092-!6 1.134-02 1.416-06 1.156-02 

4.0nO.01l Q.886-06 2.3F6-01 6.161-03 4.~73+01 5.7Bl-C)1 4.655+01 2.511-09 6.061-05 1.565-06 ".162-02 1.469-04 1.183-02 

S.r.OC+OS 6.327-06 1.975-01 4.922-03 4.645+01 5.923-01 4.724+01 1.607-09 5.017-05 1.250-f6 l.1sn--() 2 1.505-04 1.200-02 

6.~OO+OIl 4.394-06 1.691-01 4.098-03 4.697+01 t.026~01 4.775+01 1.116-09 4.296-05 1.0/0 1-06 1.1Q3-02 1.531-0G 1.213-02 

II ,000+08 2.t72-06 1.321-01 3.010-03 4.765+01 60 168-01 4.8&0+01 6.280-10 3.356-05 7.799-H 1.211-02 10567-04 1.230-02 

1.COO+C9 1.582-06 1.08b-Cl 2.455-03 4.R09+01 6.262-01 4.883+01 4.019-10 2.759-05 6.7.37-0 1.227.-02 1.591-04 1.240-02 
10500+09 7.(·30-07 7.587-02 1.635-03 4.P72+01 ~ .40 3-01 4.944+01 1.t86-10 1 .927-0 ~ G .154-~7 h2~!!-02 1.627-04 1.256-02 
2.000+09 3.°54-07 5.872-02 1.226-03 4.901;+01 "'482-~1 40979+01 1.004-10 1.492-05 3.115-(7 1.267-07 1.641-0£ 1.265-02 
3.000+0<;> 1.758-07 4 .0~3-02 8.167-04 4.~43+01 b.569-01 5.013+01 4.466-11 1.031-05 2.075-(7 1.256-02 1.669-04 1.273-02 
4.000_09 9.886-08 3.152-02 6.12G-n4 4.961+01 6.621-01 5.036+01 2.511-11 P .007-06 1.556-07 1.262-02 ,.682-04 1.279-02 

5.r.OC+09 ~.327-08 2.577-02 4.899-04 4.979+01 6~652-01 5.048+01 1.607-11 6.547-06 1.2&5-17 1.265-v2 1.690-04 1.2P?-02 
(: .000+09 6.396-08 2.185-02 6.087-04 £.988+01 h674-01 5.057+01 1.116-11 5.551-06 1.037-(7 1.267-02 ,.695-0& ,1.285-02 
8.0!'O+OQ 2 •• 72-08 1.664-02 3.061-G4 5.000+01 .. 703-01 5.~69+01 6.280-12 4.278- 06 7.776-(8 1.27/)-02 1.703-04 1,2P8-02 

1.000+10 1.582-()8 1.375-02 2.449-0G 5.0~8+01 6.727.-01 5.077+01 4.919-12 3.493-06 6.222-~8 1.272-02 1.708-~4 1.290-02 

1.500+10 7 .~30-09 9.500-03 1.6~2-04 5.017+01 6.747-01 5.01:5+01 1.786-12 2.413-06 6.1Gb-(!; 1.27S-02 1.714-04 1.292-02 
2,000+10 '3. 0 54-09 7.303-03 1.224-04 5.023+Cl h76?-Dl 5.091+01 1.004-12 1.f!55-06 3.109-16 1. ?76-02 10718-04 1.293-02 

3.000-10 1.758-09 5,037-03 8.161-C5 5.028+01 6.776-01 ~.096+0 1 4.466-13 1.280-06 2.073-CI! 1.277-02 1.721~04 1.295-02 
4.000+10 9.8R6-10 3.867-03 6.121-0S 5.032+01 6.785-01 5.10C+Ol 2.511-13 9.824~07 1.5S5-~f 1.27&-02 10 724-04 1.2%-02 

5.000+10 .... 327-10 3.149-03 G.89~-C5 5.036+01 6.790-01 5.102+01 1.607-13 8.000-07 1.2U-t8 1.279-02 1.725-04 1.296-02 

6.0QO+l0 4.394-10 2 .6~2-03 4.080-05 5.035,01 ~.794-~1 5.103+01 1.116-13 6.763-07 1.036-18 1.279-02 1.726-04 1.296-G2 
8.000+10 2.L72-10 2.041-03 3.060-05 5.036+01 •• 797-()1 5.10G+01 6.Z80-1G 5.185-07 7.77k-~9 1.779-02 1.727-04 1.297-02 

1.000+11 1.1112-10 1e660-~3 2.448-05 5.037 + 0 1 6.800-01 5.105+01 G.019-16 4.217-07 6.219-(9 1.280-02 1.727-04 1.297-02 



TABLE 6. Cross seotions and mass attenuation coefficients for the individual a.nd tot!l.l photon a.tom interaction pro~esses, 1 MeV to 100 GeV. 
Z= I to 100-ContinuEd 

94. PU. PLUTONIU~ ATOI4IC liTo ~ 739.0SZ "SO/KG • .00025191 BA'lNS/A TOM MULTIPLY "SO/KG BY 10 fOR CHSOIG 

PAIR PRODUCT ION PAil PRODUCTION 

SCATTERING SOrTER ING 
PHr)TON PHOTO- tlUCLEAR ELECTRON TOTAL PHOTO- !jUCl EAR ELECTRON TOTAL 
ENERGY COIlERENT INCOHER. EL EClR IC fielD fIElI) COI-IERENI IMCOHER. ElECTRIC fIElD FIELD 

EV BIATOII BIATOM SIATOM B/HOM BIA TO"! BIATOH MSO/KG MSO/KG HSO/KG HSO/KG "SuIKG IISO IKG 

1.000+06 1.56R+OO 1.966+01 1.157+01 2.915-03 
"0 

O.DOC 0.000 3.280+01 3 .950-0~ 4.953-03 O.OO~ 0.000 ~.262-03 > 
1.022+06 1.503+00 1091.6+01 10109+01 0.000. O.O~O 3.205+01 3. 786-0~ 4.'i02-03 2.794-03 C.OOO 0.000 8.075-03 ~ 1.;>50+06 lt01S+00 1.763+01 7.&<'5+00 1o/!57-01 0.000 2.633+01 2.557-0~ 4.4&1-03 1.81l8-03 4.678-05 0.000 6.632-03 
1.5PO+00l 7.105-01 1.lif)6+!l1 ~. 32<;+ 00 9.2301-01 0.000 2.302+01 1.790-01 4.0&6-03 1.347-33 ? .3;>7-04 0.000 5.8 PO-03 .... 
;.>.000+06 10.033-01 1.373+01 h2lP+OO 2.692+00 0.000 2.1104+01 1.016-01 3.459-()3 8.107-04 6.787.-04 0.000 5.049-03 ::v 
2.0U+06 3.563-01 1.356+01 3.10;:>+00 2.e411+00 0.000 1.9139+·01 9.731-0; 3.416-03 7.81£-04 7.154-04 0.000 5.010-03 ::; 
3.00C+06 1.806-01 100112+01 1,675+ OC 5.54t+OO 3.77S-()3 1.823+01' 4.550-0; ?.n6-03 4 .nO-04 10 397-0"1 9,517-07 4.591-03 r-

4.000+06 1.019-01 9.03C+00 1.09?,+00 7.733+00 1.53'1-02 1.797+01 2.567-0, ... 275-03 2.753-U 1.948-03 3.877-06 4.528-03 
m .... 

5.0nO+06 6.S3~-n2 7.801+00 70985-Ql '.557+0r. 3.060-0Z 1.825+01 1.646-0; 1.965-03 Z.012-D4 2.4(\1'-O3 7.709-~6 4.598-03 . 
6.0~~+06 4.S41-02 6.897+00 t.243-01 1.111+C1 ~ .689-02 1.872+01 1.144-0; 1.737-03 1.573-U 2.799-03 1.181-05 4.717-03 > 
7.000+06 3.338-02 6.200+00 ~.102-01 1.250.Pl 6.307-112 1.931 .. 01 8.4 !I'i-O. 1.562-&3 10285-04 o.U9-03 1.<.;89-05 4.864-03 Z 
~. 030+06 2.557-02 5.643+00 !.303-01 1.375+01 7.870-02 1.993+01 6.U1-0O 1.422-03 1.084-04 3.464-03 1.9113-05 5.02/)-03 C 
9.CDo+06 2.0Z1-02 5.188+00 ~.7H-Ol 1.'90+01 9.361-02 Z .057+01 5.~91-06 , .307-03 9.356-05 3.754-03 2.358-05 5.183-03 .... 
1.0)0+07 1.637-02 4.807+00 3.264-01 1.596+01 1.077-01 2012;>+01 4.124-0. 1.211-03 B .222-05 4.021-03 2.713-05 50345-03 0 
1.100t07 1.353-02 4.483+00 •• 908-01 1.695+01 1.211-01 2.11'6+01 3.408-a. 1.129-03 7.326-05 4.27~-O3 3.051-05 5.506-03 .... 
102~0+07 1.137-02 4.?05+00 ,.621-01 10787+01 1.336-01 2.2~8+01 2.B64-0t 1.059-02' 6.603-~5 4.502-03 3.366-05 5.664-03 > 
1.:<'0+07 9.690-03 3.961+00 •• 385-01 1.872+01 1045' -~ 1 2.307+01 2.441-0. 9.978-01. 6.008-' 5 ".716-03 3.663-0~ 5.1'13-03 r-

1.":0+07 8.356-03 3.748+(10 ,.187-01 1.953 4 01 1.566-01 2.366401 2.105-lIb 9,4&2-04 5,509-B5 4.nll-03 3.945-C5 5.961-03 > 
105'0+07 7.279-03 3.558+00 ?019-lIl 2.028+01 1.671-01 2 .421+01 1.83'-ot 8.963-04 5.086-)5 5.109-0~ 4.209-05 6.100-03 .... 
10600+117 6.398-03 3.389+00 . 1.874-01 2.096+01 1.772-01 2.474+01 10612-0. 8.5:H-04 4.721-05 5.285-03 & .1.64- 05 6.232-03 0 
1.8~0+07 5.056-03 3.097+0r 1.6:"9-01 2.226+01 1.956-01 2.572+01 1.274-0_ 7.802-04 40129-)5 S.t>Cf;-03 4.927-05 6 .4~ 0-03 ~ 
2.0 )0+07 £ .095-0 3 2.856+00 10456-r 1 2.340+01 2.124-01 2.662+01 1.032-0. 7.1"5-0& :!.66f-'S 5.895-03 5.351-05 6.70~-03 n 
2~2)O+O7 3.385-03 2.653+00 1.309-01 l.444+01 2.271-01 2.745+01 8.527-0' 6.6'13-01. 3.298-~5 6.1S7-1l3 5.736-05 6.916-03 
2.4'JO+07 2.844-03 2.479+00 1.189-01 2.53<1+01 2.416-01 2.823+01 7.164-01 6.245-0& 2.9<:'5-)5 6.396-03 6.086-05 7., 12-03 n 
2.6,10+07 2.423-03 2.328+00 1.089-01 l'&26+01 2.545-01 2.1'95+01 6.101.-0' 5.865-04 2.743-)5 6.615-03 6.411-05 7.294-03 ::v 
2.810+07 2.PQO-03 2.1<16+00 I.C04-0 1 Z.705+01 2.664-01 2.961.01 S.~65-01 5.5"12-04 2.529-'5 6.814-03 6.711-05 7.460-03 0 
3.0~0+07 , .820-03 2.079+00 9.317-02 Z. 778'0 1 2.774-01 3.023+01 4.585-07 5.237-04 2.347-~5 6.9<18-03 ('.988-05 7.616-03 til 

til 
4.010+07 1.024-03 1.652+00 6.843-02 h076+Cl 3.227-01 3.280+01 2.580-0' 4.162-04 1.72&-)5 7.749-0"!. 8.129-05 8.261.-03 
5.0~0+07 6.554-04 1.379+00 5.&05-02 3.298+01 3.566-01 3.477+1)1 1.651-07 3.474-0& 1.~62-'5 8.30lH'3 8.9!l3-05 8.75<1-03 til 

m 
6.01(1+07 4.551-04 1.189+00 4.466-C2 30470+01 3.833-01 3.f32+01 1.1 &6-0 7 2.995-04 1.12S-'}S 8.741-03 9.656-05 9.149-03 n 
~.O'C+07 2.560-04 9.373-G1 3.313-02 3.723+01 4.231-01 3.862+01 6.449-08 2.361-04 8.346-,)6 9.379-03 1.066-04 9.730-03 .... 
1.~.!)+08 1.638-04 7.780-01 2.633-02 3.902 +01 4.517-01 4.028+01 4.126 -0& 1.960-04 6.633--)6 9.830-03 1.138-04 1.015-02 (5 
1.51(\+08 i.2R2-05 5.540 -0 1 1.740-02 •• 183+01 4.91'>4-01 4.290-01 1.834-03 , .396-01. 4 .383-~(, 1.051.-02 1.256-04 1.081-02 Z 

!- 2.1)00+08 4.096-05 4.344-1!1 1.299.,.02 • .350+01 5.273-01 4.41.7+01 1.032-~& 1.094-04 3.272-0)6 1.096-02 1.328-04 1.120-02 til 

... !.OfO+08 1.8Z0-05 3.079-01 8.624-&3 •• 51.5+01 5.624-(11 4.633+01 4.585-0~ 7.756-00; 2.173-)6 To145-02 10417-04 1.167-02 on 
:r A.~'O·08 10024-05 2.411-01 6.453-03 • .656+01 5.832-01 4.739+01 2 .580-0~ 6.074-05 1.626-H\ 1.173-02 1.469-04 1.194-02 0 
';i 5.0GO+08 6.554-06 1.996-01 5.156-03 •• 729+01 5.974-01 4.8119+01 1.651-\). 5.028-05 1.2~9-~6 10 191-02 1.505-04 1.212-02 ::v 

n 6.0tO+08 4.551-06 1.709':-Cl 4.293-01 •• 782 +01 6.078-01 4.860+01 1.146-0~ &.305-05 1.081-06 1.205-02 10531-04 1.224-02 -a 
::r lleOCO+08 2.560-06 1.335-01 3.216-03 ,.851+01 6.22 ')-OT 4.927+01 6.449-1t 3.363-05 s.102-H 1.222-02 1.567-04 1.241-02 :c .. 1'.0(0+0'1 1.638-06 1.091'-01 2.571-03 • .896+01 6.315-01 4.970+01 4.126-11 2.766-115 6.477-n 1.233-02 1.591-04 1.252-02 
3 0 

1.5~O+09 7.282-07 7.669-02 10 712-0~ 4.960+1)1 6.456-01 5.032+01 1.834-H 1.932-05 4.313-07 10249-02 '.626-04 1.268-02 .... 
'" 2 .O(~+09 4.096-07 5.93(>-02 1.2R4-03 1.996+01 6.536-{\1 5.067+01 10032-" 1.495-05 3.235 -07 1.259-02 1.647-04 1.277-0Z 0 ; 3.0(6+09 1.S20-07 ~.127-02 8.555-04 5.033+01 6.622-01 5.103+01 4.585-1' 1.040-05 2.155-07 1.261\-02 10668-04 1.286-02 Z 
c 4 .O~!l+O~ 1.02 4-07 3.1P6-U2 6.414-04 5.056+01 6.674-01 5.126+01 2.580-1' 8.026-06 1.616-07 1.274-0;> 10681-04 1.291-02 til 

Q 5.0(0+09 6.554-08 2.605-02 5.131-04 5.0t9+01 6.705-01 5.139+01 1.651-1· 6.562-06 1.293-07 1.277-02 1.689-U4 1.295-02 

1 6.rCO+09 4.551-08 2.209-02 &.275-04 5.071'+01 6.727-01 5.148+01 1.146-1· 5.565-06 1.077-07 1.279-02 1.695-04 1.297-02 

~ 
8.0(0+09 ? .560-0e 1070;!-O2 3.206-04 5.090+01 1,.7,7-01 5.159+01 6.449-1( 4.268-06 8.1)76-'8 1.282-02 1.702-04 1.300-02 
100DO+l0 1.638-08 1.389-02 ;>.~65-Q4 5.0911+01 6.776-01 5.167+01 4.126-12 3.1.<19-06 6.462-~8 1.224-02 1.707-04 1.30~-O2 

1.5M+l0 7.282-09 9.602-03 1.710-04 ~.1C7+C1 6.801-01 5.176+01 1.83':12 2.419-06 4.308-08 1.2B7-02 1.713-04 1.304-02 
:.0 Z.ODO+10 4.C9f-09 7.382-03 1.282-04 ~.113+01 6.316-01 5.182+01 1.032-12 1.860-06 3.230-01l "288-0:? 1.717-04 1.305-02 

Z 3.0CO+l0 1.820-09 5.091-03 F.548-05 lo11P+01 6.829-~1 5.187+01 4.585-13 1 .282-06 2.153-08 1.21'9-02 1.720-04 1.307-02 

!' 4.0CO-l-lll 1.024-09 3.908-03 6.411-05 5.122+01 6.839-01 5.191-1-01 2.580-13 9.845-07 1.615-01;1 1.290-02 10 723-04 1.308-02 

.,.. ~.f\CO+l0 6.554-10 3.183-03 5.128-&5 ~.125+01 6.844-01 5.194+01 1.651-13 8.018-07 1.292-08 1.291-02 1.724-04 1.308-02 . 6.000+10 4.551-10 2.690-03 4.274-05 ~.126+01 6.847-01 5.195-1-01 10146-13 ('.776-Q7 10077-'8 10291-02 10725-04 1.309-02 

~ ~.OOO+10 2.560-10 2.063-03 3.205-05 5.127+01 6.1'51-01 5.196+01 6.449-1' 5.197-07 a.074-09 1.292-02 1.726-04 10309-0? .. 
W 

CD 1.000+11 1.li3S-10 1.678-03 2.564-05 ~.12&+01 6.854-~1 5.197+01 4.126-H 4.227-07 6.459-19 1.292-02 10727-04 ,,309-02 .., 
0 



!- TAllLE 6. Cross sections and mass attenuation coefficients for the individnal llnd total photon atom interaction proce!!Ses. 1 MeV to 100 GeV. -." 
:r Z~l t.O 100-Continued Co) 

~ m 

n 95. AM. AMERICIUM ATOHIC I'T. ~ 243.061 HSO IKG .00024776 BAR'IS/ATOPI MULTIPLY "SO/KG BY 10 FOR C~S~/e 
:r .. 
~ Pi lR PRODIJCT ION PAIR PRODUCTION 

'" 
SCATTERING SCATTER TNG 

~ 
PHOTON PHOT c- ~UCLE AI< ELFCIRON TOTAL PHO 10- ,'UCLOR ELEe TRON TOTAL 
E NfRGY COH~R ENT INCOHER. HECTR IC flH~ F lELO COHERENT lNCOHER. HfCTRIC F I flD FIELD 

t1 a tV BIHOH e IA TOM GlnOM BIA TOM .P/ATOM e/HOH t-ISOnG HSO/KG MSC IKG Hsorre HSO/KG "SO/KG 
0
0 

c:: 1. (I'O~06 1.620~00 109P.7~01 1.215+01 '1.000 0.00(' 3.364+01 4.014-0~ 4.9?3-a3 3.(110-03 o.Onp 0.000 8.335-03 
!!- 1.)22+:16 1.553~00 1.967+&1 1.163+01 ~.I' ~O 0.000 3.285+01 3.84E-O~ 4.£73-03 2.Re1-0~ O.O~r. 0.000 8.140-03 

() 
1.250+06 1.050+00 1.7d2+01 7.R6€+VC 1.905-01 0.000 2.693+01 2.601-0'. 4.415-03 1.949-03 4.7;>0-05 C.OOO 6.672-03 
1.SH+06 7.348-01 1.622+01 5.594+00 9.515-01 0.000 2.3S0~01 1.821-0\ 4.019-03 1.386-03 2.357-04 0.000 5.P22-03 

Z 2.010+06 4.172-01 1.3F7+ill 3.378+0D 1.76c<00 0.(\00 2.043+01 1.034-0~ 3.436-C3 Co 36S'-I14 6.853-04 o.ooe 5."62-03 
Q 

2.~4H06 ~.907-01 1.370+01 3.25t\+~O ~.91L\+(jD 0.000 2.027+(11 9.9C3-05 3.394-03 8.0H-04 7.230-04 0.000 5.023-03 

of> 3.0tO+06 1.869-01 1.093+01 ,. 75l?+OO ;.674+00 ~./l18-03 1.855+01 4.631-0; 2.7CS-03 4.356-04 1.4011-03 <;.45<;-07 4.5°7-03 
4.nOO+06 1.055-01 9.126+(\0 1.146+~~ 7.8'>2+0r 1.555-02 1.829+01 ".614-0; ? .261-03 2.839-04 1.9~S-03 3.853-06 4.53(\-03 

<; 5.0.0+06 5.763-02 7.Jl84+00 1'.374-31 9.741+00 3.09(!-02 1.856+01 1.676-05 1.953-D! ;>.075-04 2.413-03 7.1:61-('6 4.599-03 ., 
6.01~+06 4.701-02 6.970+00 6.545-01 1.131+01 4. 738-~2 1.9n3+01 1.165-05 1.f27-~3 1.622-64 ? ./l02-03 1.174-05 4.715-03 

0 
7.0fC+06 3.456-02 6.265+00 5.349-01 1.272+01 6.373-02 1.962+01 11.5(03-0, 1.552-0:" 1.325-04 3.151-03 1.579-05 4.661-03 
e.oOO+06 2.647-02 5.703<00 4.511-01 10399+01 7.952-02 2.025+01 6.558-1}5 1.413-03 1.118-1}4 3.&66-03 1.970-C5 5.017-03 
9.010+06 2.097-02 5.243+00 3.893-01 1.516+01 9.458-02 2.091+01 5.11'3-05 1.299-0? 9.645-05 3.756-03 2.31.3-05 5.180-03 % 
1.0~C+07 1.695-02 4.~S8+00 3.420-01 1.624+01 1.0~9-0 1 2.157+01 4.200-0~ 1.204-03 1'.473-05 4.024-03 2.698- 0 5 5.343-03 c: 
1.110+07 1.4~1-02 4.531+00 3.()48- 01 1.724+01 1.223-01 2.221+01 3.471-a5 1.17.3-03 7.552-05 h271-03 3.030-05 5.503-03 Ill! 

Ill! 
102'0+07 10177-02 4.2S0+no ?747-01 1.817+01 1.350-01 2.284+01 2.916-05 1.053-03 6./l06-05 4.507-0? 3.345-05 5.659-~3 m 
1.3DO+07 1.003-02 4.004+00 2.499-01 1.904+01 1.469-01 2.345+{)1 2.485-0~ 9.920-04 60191-05 &.717-03 3.640-05 5.810-03 ~ 

~ 

1.410+07 8.650-03 3.788 +00 2.291-01 1.986+01 1.582-01 2.404+01 2.143-% 9.385-04 5.676-95 4.920-03 3.920-05 5.957-03 . 
1.510+07 7.536-03 3.596~OO 2.115-01 Z.063+()1 1.689-01 2.461+01 10867-0& 8.909-C4 5.240-05 <;.111-03 4.185-05 6.091'-03 G) 
1.600+07 6.6?3-03 3.425+00 1.964-01 ,.134+01 1.790-01 2.515+01 10641-06 8.4E6-04 4.866-05 5.287-03 4.435- 05 6.230-03 

~ 1.8fO+Q7 5.234-03 3.130+0C 1.717-01 1o~64+01 10976-01 2,614+01 1.297-06 7.755-04 4.254-05 S .609-0"! 4.896-05 6.47R-03 
?CrC+07 h239-03 2.887+0~ 1.525-01 1.3~0+Ol 2.146-01 2.706+01 1.05C-0' 7.153-04 3.778-05 0;.897-03 5.317-05 6.704-03 ~ 
?240+07 3.504-03 2.681+00 1.371-01 Z .486+01 2.300-01 2.7~1+01 8.681-07 6.642-(\4 3.397-05 6.159-03 5.69~-05 6.915-03 
2.4~O+07 2.944-03 2.505+00 1.245-01 1.583+01 2.441-01 2.871+01 7.294-07 6.206-04 3.085-05 6.40~-0? 1>.04B-05 7.112-03 ~ 
2.610+07 2.50'1-03 2.353+VO 1.140-01 1.671 +01 2.571-01 2.91.4+01 6.216-07 5.R30-04 2.82&-05 6.611'-03 6.370-05 7.293-03 Z 
7.810+07 2.163-03 2.210+90 1.052-01 1.752+01 2.691-01 3.012+01 5.359-07 5.498-04 2.606-0S 6.818-03 6.667-05 7.461-03 C 
3.010-07 1.884-03 2.102+00 9.758-0 " 1.1'26+01 2.1'02-01 3.074+01 1..662-07 5.208-04 2.4H.-05 7.002-0:' 6.942-05 7.617-03 
".000+07 1.060-03 1.67fl+GO 7.161'-02 50131+01 3.259-01 3.338+01 2.626-07 4,138-04 1.775-05 7.757-03 8.074-~5 8.270-03 -a 
5.0~C+07 6.784-04 1.394+00 5.660-02 3.:SS7+r1 3.602-01 3.538+01 10681-07 3.40;4-C4 1.402-05 P.31.7-03 8.924-05 8.766-0~ < 
6.000-07 4.711-04 1.201+(10 &.676 -0 2 ~."32+01 3.871-01 3.696+01 1.167-07 2 .976-P4 1.159-C5 8.751-03 9.591-05 9.156-03 ~ 

;g 
8.010+07 2.650-04 9.473-01 3.469-02 h79(1+01 ".27?-~ 1 3.'131+01 b.S66-0g 2.3& 7-04 <:.595-0" 9.390-0~ 1.058-04 9.739-03 CIEI 
1.610+08 1.696-04 7.B62-fll 2.757-02 1.972+01 4.561-01 4.099+01 ".202-a, 1,9&8-04 6.831-0~ 9.841-03 1.DO-04 1.016-02 '& 
"SeO*08 7.538-05 5.599-01 1.827.-02 •• 251\+01 5.032-01 4.366+01 1.~6~-O~ 1.387-0& 4.514-06 1.055-02 1.247-04 1 .O~2-02 
2 .OO~+08 4.240-05 4.390-01 1.360-C? •• &28+Cl 5.3:?3-01 4.526+01 10050-03 1.088-04 3.370-06 l.u07-0? 1.319-04 1.121-02 
3.010-0-" 1 .885-05 3.112-Pl 9.029-03 •• 627+01 5.67(,-01 4.716+01 4.670-09 7.710-05 2.237-06 1.146-02 1.406-04 1.16l!-02 
4. n on+08 1.060-05 2.4;17-01 6.757-03 •• 740+01 5.M6-01 4.824+01 2.626-:)9 6.1138-05 1.e74-0l> 10174-02 10458-04 1.195-02 
5.000+08 6.784-06 2.017-01 5.398-03 •• 81S+01 6.029-01 4.896+01 10681-0~ 4.997-05 1.331-06 1.1<:3-02 1,494-04 1.213-02 
6.010+08 4.711-06 1.727-01 4.494-03 •• !!68+01 6.133-01 4.947+01 1.167-09 4.279-05 10113-06 1.20t.-02 1.520-04 1.226-02 
P.OOO+08 2.650-06 1.349-01 3.367-03 •• 939+01 6.276-01 5.016+01 6.566-1) 3.342-05 8.342-07 1.224-02 10555-04 1.243-02 
1.0~0+09 1.696-06 10110-01 2.692-03 •• 984+!}1 6.371-01 5.059+01 40202-H 2.750-05 6.670-07 1.235-02 1.578-04 1.253-1l2 
1.500+09 7.538-07 7.751-02 1.793-03 1.050+01 6.512 -0 1 5.123+01 1.868-10 1.920-(;5 4.442-07 1.2~1-02 1.61!-04 1.269-02 
2.010-09 40240-07 5,999-I}Z 10344-03 5.(lJl6+01 6.593-01 5.158+01 1.050-H 1.486-05 3.330-~1 1.260-0? 1.633-04 1.278-02 
~.~1~+09 1.8A.5-07 4.171-02 8.956-04 ,.123+01 t.6l!0-01 5.194+01 4.67f1-11 1.033-05 2.219-07 1.21'9-02 1065 ;-04 1.287-02 
4.000+00) 1.060-07 3.2<'0-02 6.716-04 1.1&7-01 6.732-01 5.218+01 2.626-11 7.97f-06 1.664-07 1.275-02 1.668-04 1.293-02 
5.011)+09 6.784-08 2.6~2-02 5.372-04 $,161+01 6.763-()1 5.231+01 1.681-11 6.521-06 1.331-07 10279-02 1.676-04 1.2Q6-02 
b .PIQ+O' ~.711-08 2.232-02 4.476-0~ ;.170_01 "'.7~5-01 5.240+01 10167-11 5.530-06 1.109-07 1.281-02 1.681-C4 1.298-02 
8.010+09 2.650-08 1.7<'0-02 3.357-04 1.162+01 6.815-01 5.252+01 6.S66-1? 4.261-06 8.317-Dr. 1.284-02 1.f88-04 1.301-02 
1.0~O+10 1.696-0R 1.404-C2 2.685-04 ).190+01 6.83" -0 1 5.260+01 4.20 2-12 3.479-06 6.652-0f 10286-0< 1.693-04 1.303-02 
1.S'O+10 7.538-09 9.704-03 10 790-04 ).199+01 6.859-01 5.269+01 1.868-12 2.40£-06 4.435-0B 1.281l-02 1.699-04 1.305-02 
2.0'0<10 4.240-09 7.460-C:: 1.342-04 S.20l.+01 6.874-01 5.275+01 1.05C-1? 1.848-06 3.325-Q8 1.290-(1< 1.703-04 1.307-02 
3.010+10 1.885-09 5.145-03 8.949-05 ,.210+01 6.888-01 5.279+01 1u67C-H 1.275-06 2.217-03 1.291-02 1.707-04 1 .3~8-02 
4.0,r+l'l 1.060-09 3.950-03 6.712-05 1.21S<01 6.897-01 5.284+01 2.626-15 9.786-07 1 .663-08 1.297.-02 1.709-04 1.309-02 
5.010+10 6.784-10 3.217-03 5.;69-05 1.217"01 6.902-01 5.286+01 1.681-13 7.970-07 1.33C-08 1.293-0< 1.710-04 1.310-02 
t..O'~+10 4.711-10 2.719-03 4.4 U-05 i.21F+Ol 6.906-01 5 .2B7+0 1 1.167-H {..737-07 1.11'8-01' 1.293-0? 1.711-04 1.310-02 
8.1'00+10 2.650-10 2.085-03 3.356-05 S.nr,.+01 6.909-01 5.288+01 6.56o-H 5.166-07 I! .315-09 1.293-07 1.712-04 1.310-02 
1.0'0+11 1.696-10 1.696-03 2.685-05 >.2:<,0+01 6.912-01 5.289+01 4.202-H 4.202-07 6.1152-09 1.293-02 1.713-04 10310-02 



TABLE 6. Cross sections and mass attenuation coefficients for the individual and total photon atom interaction processes. 1 MeV to 100 GeV. 
Z=l to lOO---Continued 

96. C". CURIUM ATOHIC WT. ~ ;>47.070 KSO/KG .00024374 BARNS/ATOH MULTIPLY "SO/KG BV 10 FOR C~SO/C 

PAIR PRODUCT 10'1 PAIR PROOUCTION 
SCATTERI ~G SCATTER ING 

PHOTON PHOTO- Nl'ClH R EL EeTRON rOTAL PHOTO- NUCLE~R ELECTRO~ TOTAl. 

E NErG Y COHERENT I N(CHER. ElECTR Ie Fit LO flEW COHERENT IMeOHER. ELECTRIC fIElD fIELD 

E V A/HOM B IA TOM B/ATOM B/I. TOll 'q/ATOM uno,", "ISO/K(, HSO/U Hsonf HSO/KG IISO/KG IISO/KG 
"Q 

, .eOe+~6 1.674+00 2.DOE-O' 1.27~+OI 0.000 o.o~o 3.4£9+01 4.080-04 4.E94-03 3.105-03 o.COry 0.000 P..408-03 » 
1.022+06 1.605+00 1 .9/?7+0 1 1.221+0~ o.oeo 0.000 3.368 +01 3.C;17.-~4 4.~43-03 2.976-03 0.000 0.000 8.210-03 ;; 
1.2~C+06 1.0~5+00 loeOl+01 8.256+00 1.954-01 0.000 2.755+01 2.645-04 40390-03 2.012-03 4.7f3-05 0.000 6.714-03 ~ 

1. ~0~+06 7.594-01 I.Mo+el 5.P69.00 9.79<;-01 o .OOf' 2.401+Cl 1.851-04 3.997-03 10431-03 2.388-04 o.OOC 5.852-03 ... 
2.0"1+06 4.313-01 1.402+01 3.543+00 2.842+00 o.eoe 2.084 +0 1 1.051-04 3.417-03 8.63t'-04 6.927-04 O.~OQ 5.079-03 ::>Ill 

?01,,+0l> 4.132-01 1.385+01 3.416+00 2 .9Cl6 +00 0.000 2.06e·01- 1.007-04 3.376-03 P.326-04 7.302-04 0.000 5.039-03 :;; 
3.(l(',~+O6 1.9:n-Ol 1 • 10 5 + 0 1 1.84£000 5.804+00 3.858-03 1o~90+01 4.711-05 2.693-03 4.495-04 1.415-03 ~.403-01 4.605-03 ... 

m 
4.001+0(, 1.091-~1 9.,21+00 1.207+00 8.052'00 1.572-07 1.360+01 2.659-05 2.248-03 2.930-04 1.963-0:" 3.832-0t 4.533-03 .:-' 
5.000+06 6.996-02 7.961+0') 8 • .777-01 ".927+CO 3.124-02 1.pa7+01 1.705-05 1.942-03 2.n9-0t. 2.420-03 7.6H.-Ot 4.600-03 

6.~~n+06 4.86:'\-02 7.043+00 6.P.60-01 1.151+ 01 4.787-02 1,934+01 1.185-05 1.717-03 1.672-0-4 2.805-03 1.167-05 4.713-03 » 
7.000+06 3.575-02 6.~31+00 5.605-Cl 1.294+~1 6.439-02 1.993+01 8.714-06 1.543-03 10366-04 3.154-0~ 1.569-05 1..858-03 Z 
8.~~r+06 2.73fl-02 5.7"'3+00 4.726-01 1 .1.23+ 01 e.o 34-0 2 2.057+01 6.674-06 1.405-03 1. 1 52-04 3.46~-03 1.958-0~ 5.015-03 C 

9.00r+06 ?lfG-02 5.29B+~0 4.079-01 "5~2+01 9.5~6-02 2.124+01 5.274-06 1.291-03 9.942-05 3.75P.-03 2.329-0~ 5.178-03 -of 
1.0CC+G7 1.753-02 4 .909+0~ 3.583-01 1.651+01 1.100-01 ?190+01 4 .273-06 1 0197-0:- 8.733-05 4.024-03 2.6~1-~5 5.33"-03 0 
1.10C+07 1.1.4"1-02 4.~79+00 30192-01 1.753+01 1.236-01 2.257+01 3.532-06 1.116-03 f.780~05 &.273-0~ 3.013-05 5.500-03 ... 
1.20C+C7 1.21R-02 ~.294+00 2.f77-0f 1.848+Cl 1.36&-01 2.321+01 2.?6~-06 1.047-03 7.012-05 4.504-0~ 3.325-05 5.657-03 » 
1.30r+07 I.C38-02 & .0/1 6+0" 2.617-01 1.93~+Ql 1.4M-lIl 2.383+01 2.530-06 9.862-04 6.~79-05 4.71'1-03 3.617-05 5.807-03 ... 
1.40C+07 S.950-03 3.R28+00 2.~OO-01 2.0n+Ol 1.598-01 2.444+01 l.IBl-0t 9.330-04 5.850-05 &.924-03 3.1195-05 5.956-03 » 
'.S~C+07 7.797-03 3.634+00 2.215-01 2 .09f +0 1 1.706-01 2.501+01 1.900-0t- 8.857-04 5.399-05 5.111.-03 4.158-05 6.097-03 ... 
,.60e+07 6.853-03 3.461+00 2.056-01 2.170+01 1.808-01 2.555+01 1.670-06 8.436-04 5.011-05 5.2119-03 4.407-05 6.229-03 0 
1.8~t+07 5.415-03 3.163+00 1.798-01 2.~03+01 1.996-01 2.658+01 10320-06 7.709-04 4.382-05 5.b13-03 &.R65-0! 6.478-03 3 
2.00~+07 & .38£-03 2.917+CO 1.597-01 2.421'01 2.167-01 2.151+01 1.069-06 7.110-04 3.893-05 5.9f'I-03 ,.282-0! 6.7~5-03 n 
2.20f+07 3.625-03 2.709+00 10435-r1 2.528+01 2.323-01 2.837+01 P.836-07 6.603-04 3.498-05 6.162-03 5.662-05 6.914-03 
2.4n~+07 3.046-03 2.532-00 1.304-01 :? .627+0 1 2 .HS-O 1 Z.918+01 7.4Z4-07 6.171-04 3.171'-05 6.403-0~ 6.008-0S 7.11;-03 t'l 
2.60C+07 2.596-03 2.377+00 1.194-01 2.717+01 2.596-01 2.993+01 6.327-07 5.794-01. 2.910-05 6.622-03 6.327-C~ 7.20 5-03 ;III 

0 
2.80(+07 2.238-03 2 .21.~+00 1.101-~1 2.799+01 2.718-01 3.062+01 5.4S5-07 5.467-04 2.684 -05 6.82?-03 6.625-05 7.463-03 «II 
3.00C-07 1.950-03 2.1"l4+00 I.G22-rl 2.875+01 2.830-01 3.126+01 4.7S1-07 5.177-04 2.491-05 7.0C7-C3 t.898-0~ . 7.620-03 «II 

4."O~+07 1.097-03 1.688 -00 7.501-02 3.1~5+01 1.292-01 3.394+01 2.674-07 4.114-04 1.82£,-05 7.763-0' 8.024-0~ e.27~-03 «II 
5.0re·07 7.020-04 1. 409+0~ 5.924-07 3.~ 15 + 0 1 3.637-01 3.598+01 1.711-07 3.4:"4--04 1.444-05 8.3?4-03 8.805-05 8.770~0:! m 
fooor+07 ~.875-04 1.214+00 4.894-02 3.594+01 3.909-01 3.759+01 1.1&8-07 2.~59-04 1.193-Q5 8.760-03 9.526-05 9.163-03 Q 
8.00,,+07 2·7&2-04 9.57Z-01 3.631-0? 3.1'57+01 4.314-01 ~.000+01 6.683-08 2.333-04 8.850-06 9.401-03 1.051-r~ 9.7~8-C3 

is 1.CO,,01l 1.755-04 7.945-01 2.8p,6-02 4.042+01 4.605-01 4.170+01 4.278-08 ,.9"7-04 7.034-06 9.852-0' 1.f22-0~ 1.016-02 

1.50(+OR 7.ero-os 5.658-01 1.907-02 4.333+01 5.080-01 4.442+01 "901-0~ 10379-0 I, 4.648-06 1.056-02 1.238-0~ 1.0113-02 Z 
2.00r+08 4.3&7-05 4.436-01 1.424-07. 4.507+01 5.374-01 4.607+01 1.069-08 1.081-04 3.471-06 1.099-0? 1.310-01 1 .123-02 «II 

!- 3.00(+08 1.950-05 3.144-01 9.449-03 4,709+01 5.731-01 4.799'01 4.753-09 7.663-05 2.303-0(' 1.14!l-\}Z 1.397-01 1.170-02 .,. 
." 4.00~+O8 1.097-05 2.463-01 7.071-03 4.825+01 5.9~2-01 4.910+01 2.674 -09 6.003-05 1.77.3 -06 1.176-0~ 1.448-0~ 1.197-02 0 :r 
~ s.Oor·08 1.020-06 2.039-01 5.649-03 4.901+01 6.0M-Ol 40983+01 1.711-09 4.970-05 f .377-06 1.195-02 1.463-0. 1.215-02 " 

6.00e+08 4 .~75-06 1.745-01 '.H3-03 4.955+01 6.1'11-01 5.035+01 1.1e8-09 &.253-C5 1.146-06 1.20E-02 1.509-01 1.227-02 , 
n P. .~0~+O8 2.742-06 1.363-01 3.523-03 5.027+01 6.336-01 5.,04+0, 6.683-10 3.322-05 e.587-07 1.2~5-02 1.544-0~ 1.244-02 :I: :r 
co 1.000+09 1.755-06 1.121-01 2.817-03 5.074+01 6.432-01 5.150-01 4.278-11) 2.732-05 6.266-07 1.2~7-~? 1.56P-Ot 1.255-02 0 
~ 1.5 r,C+~9 7.800-07 7.1132-02 1.876-03 5.140+01 6.574-0 1 5.214+01 1.901-10 1.909-05 4.573-~7 1.253-02 1.6 02-0~ 1.271-02 -I 

'" 2.00~+09 4.387-07 6.062-02 1.406-03 5.178+01 6.655-01 5.251+01 1.0b9-10 1.478-05 3.427-07 1.262-02 1.622-ry. 1 .280-02 0 
~ 3.00C+O'l 1.950-07 4.215-02 9.37Z-04 5.215+01 6.743-01 5.287+01 4.753-11 10027-05 2.2&I.-n7 1.271-02 1.644-0; 1.28°-02 Z 

4.~n(+09 1.097-07 3.253-0? 7.028-0~ 5.240+01 6.795-01 5.311+01 2.674-11 7.929-06 1.713-C7 1.277-C? 10656-r. 1.295-02 en 
c 
0 5.cor+09 7.020-08 2.660-el2 5.621-04 5.253+01 6.877-01 5.324+01 1.711-11 6.483-06 1.370-07 1.280-02 1.t64 -Ot 1.298-02 

.il' 6.0C;+09 4.875-08 2.256-02 4.684-04 5.263+01 6.P.49-Ql 5.334+01 1.'88-11 5.499-06 1.142-07 1.2R3-02 1.669-04 I.S00-02 

~ .on~+o'l 2.742-08 1.738 -02 3.513-04 5.275+01 b.8n-Ol 5.346+01 6.68;-12 4.236-06 8.563-0& 1.28t-02 1.676-04 1-.303 -02 
< 1.0CO+l0 1.755-08 1.419-02 2.810-04 5.283+01 6.897-01 5.353+01 4.278-12 ~.459-06 6.B&9-C~ 1.288-02 1.681-0~ 1.305-02 
0 
:- 1.50C+l0 7.800-09 9.P-06-03 I.R73-0~ 5.293+01 6.92:-01 5.363+ 0 1 1.90 f -12 2.390-06 ~.565-08 1.29C-C2 1.687-0~ 1.307-02 

:0 2.000+10 4.387-09 7.539-03 1.~05-04 5.299<01 6.~38-01 S.36Q+01 1.069-12 1.838-06 3.42S-0P 1.2"2-02 1.f,91-tl 1 .309-02 

3.0~r·'0 1.950-09 5.199-03 9.365-05 5.304+01 6.952-01 5.374+01 4.753-13 1.267-06 2.283-08 1.2'13 -07 1.694-0~ 1.310-02 
Z 4.00e+l0 1.097-09 3.992-03 7.023-~S S.:lOR+Cl 6.'I~1-01 5. ~ 78 + 0 1 2.674-13 9.730-07 1.712-08 1.29~-02 1.697-01 1.311-02 
0 

5.00C+l0 7.020-10 3.750-r,3 5.619-05 5.311+ 0 1 6.9 .. 6-01 5.381+01 10711-13 7.921-07 1.370-0f. 1.29~-O2 1.69fl-GL 1.312-02 

!' f.00e+l0 4.375-10 2.748-03 4.682-05 5.312+01 6."70-01 5.382+01 1.188-13 6.698-07 10 141-0f 1.2S'5-02 1.699-0L 1.312-02 --:;; 8.00(+10 2.742-10 20107-03 3.512-05 S.313+01 (,,973-01 5.3113+01 6.683-14 5.136-07 8.560-0<; 1.2'15-02 1.70t-0~ 1.312-02 Ci) 
1.0ae+l1 1.755-10 1.714-P3 ?809-0 5 5 .314 + 0 1 6.976-01 5.384+01 4 .278-14 &.178-07 6.847-09 1.295-07 1.700-0L 1.312-02 -0 

CD 
0 



!- TABLE 6. Cross sections and mass attenuation conffinifmts for the individual and total photon atom interaction procr.sscl'l, 1 MeV to 100 GeV, -... 
:r Z=l t,o IOO-Continued .. 
~ 

0 

n 97, SK. 8ERkELIUM ATO~IC WT. = Z47.~70 HSO/KG .nO~2437' BAR~S/ATOH ~OLIIPLY KSO/KG BY 10 fOR CHSD/G 
:r .. 
? !'AIR PRODUCT lOti "_IR ""ODUCTiON 

'" 
SCHTERING SCATTER ING 

ELECTRON [t PHorON PHOTO- tl~C LE. R ElfClRON TOTAL PH010- NUCLFAR TOTAL 
ENHGY COHERENT TNeOPER. ftECTR Ie FJElO FJELD COHERENT JNeOHER. ELECTRIC FIElD FJELD 

D 
0 EY B/ATOM 80TCI'o S/HOH 3/HO~ B IA TOK a IATOH HSO/KG "SO/KG "SO/KG "SC/K~ loIS0lKG HSD/KG 
~ 
< 1.IH)~ ... 06 10729+00 2.~28+01 1.336+ (11 hOilO o.noo 3.537+01 4.214-01. 4.943-03 3.256-03 0.000 0.000 8.67.1-03 

~ 1.021+06 1.~S7+00 2.007<01 1.280+01 D.OOC C.OllO 30453+01 4.03<;-04 4.892-03 3.12ti-03 o.O{lr o.ooc 1l.416-03 

:0 
1.2~O+06 1.121+00 1.R19+01 1\ .661 +0 II 2.003-01 0.000 >.817+01 2.732-04 ,.436-03 2.111-03 4.882-05 O.OOC 6.867-03 

1.50'*06 7.848-01 1.656+01 6.155+00 10009000 0.000 ?451+01 1 .913-04 4 .036-03 ·1.500-03 2.4>';-14 0.000 5.974-03 

Z ;> .~or.06 4.4;9-01 1.416+01 3.716+0 n 2.919+00 0.000 Z.124+01 10087-04 3.'S1-0? 9.057-04 7.115-04 0.000 5.177-03 
!> 2.04 .. 06 ,.271-01 1.399+01 3.582+00 3.077+n~ o.con ?108+01 he" -0' 3.410-03 8.731-04 7.500-14 0.000 5.117-C3 

.... 3.01l1+06 1.999-01 10116+01 1.933+()~ 5.935+0G ?>.SC;>Il-03 1.923+01 4.872-05 2.120-03 4.711-04 1.447-13 9.501-07 4 .6P 8-03 

&.001'06 1.17.8-01 9.317+tlO 1.21.>0+00 8.214+0P 1.588-07. 10892+01 2.749-05 2.271-03 3.071-04 2.002-03 3.R71-r6 4.~11-03 

... 5.n Ot+06 7.236-02 e.Q50+0C 9.191\-01 1.011.01 3.156-02 1.918+01 1.761.-05 1 .<>62-03 2.242-04 2.464-t3 7.692-r6 4.676-03 
CD 6.0ot+06 S.030-02 7.117<1)0 7.187-1)1 1.171+01 4.~3e-02 1.<;64+01 1.226-05 1.735-03 1.752-0& 20854-'3 1.119-05 4.788-03 
0 

7.c~e.06 3.698-02 6.397+00 5.'372-01 1031':+01 6.505-02 lo02S+01 9.013-06 1.559-03 1.£ 31-04 3.208-13 1.586-n 5 4.935-03 
e.~CO+06 2.833-02 5.823+011 4.9S~-01 10££7+01 8.116-02 l.O90+(\1 6.<;05-06 1.419-03 1.207-04 3.527-03 1.978-05 5.094-03 
9.000+C6 2.239-02 5.353+00 4.272-C 1 1056(;+01 9.653-02 2.158+01 5.457-06 1.~O5-03. 1.1141-04 3.822-' 3 2.353-115 5.260-0l % 
1.00t+07 1.814-02 4.960+00 3.752-01 10679+01 1.111-01 2.225+01 4.421-06 1.209-03 9.145-05 4.092-13 2.70'3-05 5.42£-03 c: 
1011)"'07 1.499-02 £.626<00 3.343-(11 lo7EZ+Ol 1.2U-Ol 2.292+01 3.651.-06 1.121'-03 a .'48-0S 4.343-03 3.0.42-05 5.5~7-03 all 

1.201·07 1.7.60-02 4.339+00 !.OIZ-01 1.l!79+Cl 1.377-01 ? .358+~1 3.071-06 1.058-03 7.341-05 4.580-03 3.356-05 5.747-03 all 
1ft 

1.30.+07 1.074-02 4.01l!!+110 2.740-01 1.9(-9+01 1.499-01 2.421+01 2.618-06 9.964-04 /I .678 -05 4.;99-03 3.654-05 5.902-03 r-
1.&I)H07 9.2~9-03 3.867+('0 ;.>.512-01 2.053.01 1.614-01 2.402+01 2.257-06 9.425-04 6.123-05 5.004-f3 3.934-05 6.049-03 ~ 

1.5e.+07 8.()6t-03 3.672+00 2.319-01 2.n2+01 1.723-01 1.540+01 10966-06 8.950-04 5 .• 652-05 5.197-B 4.200-05 6.192-03 

" 1,"00+07 7.090-03 3.497+00 7.153-01 2.207<01 1.8U-01 2.5'17+01 1.728-06 8.524-04 5.248-05 5.379-B 4.451-05 6.330-03 j 1.!!Oh07 5.602-03 3.196+00 1.81'2-01 2.341+01 2.016-01 2.700+01 1.365-06 7.790-04 4.5117-05 5.U6-I"': 4.914-05 6.S81-03 

2.00!+07 '.53~-03 2.947+00 1.671-01 2.461+01 2.1"9-01 2.795·Ql 1.106-06 7.183-04 4.073-05 5.99~-t3 5.335-(15 6.812-03 ~ 
2.20~+O7 3.751-03 2.738+00 1.503-{l1 2.571+01 2.346-01 2.884+01 9.143-07 6.674-04 3.663-05 6.267-'3 ~.71B-05 7.029-03 ~ 

2.4!1H07 3.152-03 2.558+(10 1.364-61 2.671 +0 1 2.490-01 Z.966+01 7.683-07 6.235-04 3.325-0~ 6.51 fl-O"i 6.069-05 7.228-03 )io 
2.600+07 2.686-03 2.402+00 1.250-01 2.763+01 2.622-01 S.042+01 6.547-07 5.855-04 3.047-05 6.734-!3 6.391-05 7.415-03 Z 
2.RO!+07 2.316-03 2.266+00 1.152-01 2.1>47+01 2.7&5-01 5.113+01 5.6&5.,.07 5.523-04 2.1108-05 6.\l3Q-¢3 6.691-~5 7.5~7-03 C 
: .00)·07 2.017-03 2.146+00 1.069-01 2.924+(11 2.858-01 30118+01 4.916-07 5.231-04 2.606-05 7.127-~3 6.966-05 7.7&6-03 

A .flO')+O 7 1.135-03 1.7r,5+00 7.850-0;> 3.239+01 3.3;>4-01 3.451+01 2.766-117 4.156-04 1 .913-0~ 7.89~-O3 8.102-05 11.411-03 "& 
5.00'.07 7.Ul-D4 1.423+00 6.1'19-02 3.474+01 3.673-01 3.659+01 1.770-07 3.468-(J4 1.<il'-05 8.467-1~ e.953-05 8.919-03 < 
6.~OJ+D7 5.043-04 1.226+00 5.121-02 3.651>+01 3.9A7-lll 3.823+01 1.229-07 ? .988-04 1.248-05 8.911-')3 9.62C-~5 9.319-03 1ft 

lID 
8.00"+07 2.t'37-04 9.672-01 3.799-02 3.924+01 4.35~-01 1.068+01 6.S15-0e 2.357-04 9.260-06 9.564-~3 1.061-04 9.916-03 all 
1.()O~+Of\ 1.816-04 B.OZ8-1l1 3.01'1-02 4.113+01 4.64<;;-01 \.243+01 4.426-C8 1.957-()4 7.358-06 1.002-~2 1.133-04 1.034-02 "& 
1.50~+08 ~ .069-05 5.717-01 1.995-02 40410+01 5.129-01 4.520+01 10967-01' 1.393-04 4 • .,63-06 1.075-~2 l.l50-04 1.102-02 

2.0CI+08 4.539-05 &.433-01 1.489-02 4.586+01 5.425-01 ~.687+Cl 1.106-08 1.093-04 3.629-06 1.118-~2 1.322-04 10 142-02 
3.00o)+Of. 2.017-05 3.177-01 9.8!t5-0:! 4.792+01 5.784-01 \ .883+01 4.916-09 7.746-05 2.409-06 1.168-02 1.410-r.4 1.190-02 
4.00~+08 10135-05 2.488-01 7.397-03 4.909+01 5.997-01 •• 995+01 2.766-09 1:.06&-05 1.1'103-06 1.197-Q2 1.462-(14 1.217-02 
5.nO~+08 7.262-06 2.060-01 5.910-03 4,987+01 6.142-01 ;.070+01 1.170-09 5.021-05 1.41.0-06 1.216-02 1.497-04 1 .2:!6-02 
6.DOHOIl 5.043-06 1.764-01 4.920-03 5.042+01 6.248-Cl 5.123+01 1.229-09 4.3nO-()~ 1.1'19-~6 1.229-~2 1.523-04 1.249-02 
8.00~ .. O8 2.837-~~ 1.377-01 3.686-03 5.115+01 6.393-01 ;.193+01 6.915-10 3.356-05 8.984-07 1.247-Q2 1.558-04 1.266-02 

1.00"+09 1.816-06 1.133-01 ;>.947-& 3 5.163+01 6.&90-01 5.240+Cl 4.426-10 2.762-05 7.1!'3-~7 1.258-02 1.582-n& 1.277-02 

1.5U+G9 8 .O69~O7 7.914-02 1.963-r.3 5.230+01 6.633-01 5.3~4+01 10967-10 1.929-05 1o.7f15-07 1.275-G2 1.617-04 1.293-02 
2.00)+09 4.539-07 6.125-l)? 1·411-03 5.268+Cl t.714-01 50341+01 10106-10 1.493-05 3.585-07 1.284-~? 1.636-04 1.3°2-02 
3.00,.09 2.017-07 4.259-0, 9.805-0& 5.307+01 6.802-01 5.379+01 4 .916-11 1.031'-05 2.390-07 1.294-02 1.658-04 103

'
1-02 

4.I)O~+09 1.135-07 3.2R7-o2 7"~52-04 5.332+01 6.855-01 5.404+01 2.766-11 5.012-06 1.792-07 1.300-,l2 10671-04 1.317-07. 
5.00G+09 7.262-08 2.688-{l2 5.881-01. 5.345+01 6.887-01 ; .417+01 1.770-11 6.552-06 1.433-~7 1.303-v2 10679-04 1.320-02 

6.000+09 5.043-08 ? .279-02 4.90G-04 5.:355+01 6.909-01 5.426+Cl 1.229-11 5.555-06 t.194-07 1.305-Q2 1.6!,&-~& 1.323-02 

~.OOH09 7.837-08 1.756-02 3.675-04 5.368+01 (,.939-1'1 ;'439+01 6.915-12 40280-06 8.957-08 1.308-G2 1.691-04 1.326-02 

1.00~+1 0 1.816-08 1.434-02 2.940-04 5.376+01 6.958 -01 5.447+01 4.426-12 3.495-06 7.166-08 1.310-J2 1.696-Q4 1.37.8-02 

1.50~+·'0 8.069-09 9.908-03 1.960-04 5.385+01 6.983-01 5.&56+01 10967-12 2.415-06 4.777-08 1.313-~2 1.702-'04· 1.330-0? 

2.00".,0 4.539-0' 7.617-03 1.470-0& 5.392+01 6.998-01 5.463+01 1.10(,-12 1.857-06 3.583-011 1.314-Q2 10706-0& 1.331-G2 
3.0M+l0 ~ .017-09 5.253-03 9.197-05 5.397+01 7.012-01 5.468+01 4.916-13 1.280-06 2.388-01i 1.315-~2 ,. 709-04 1.333-02 
4.00)+10 1.135-09 4.0:B-03 7.348-05 5.402+01 7.022-01 5.473+01 2.766-13 9.830-.07 1.791-08 1. 317-QZ 10 112-0& 1.334-02 
5.0IH-l0 7.262-10 3.284-03 5.878-05 5.404+01 7.027-01 5.&75+01 10770-13 8.004-07 1.4·33-08 1.317-t2 1.713-04 1.334-02 
6.0~1+10 5.043-10 2.776-()3 4.898-115 S.4~5+01 7.030-01 5.476+01 10229-1 :3 6.766-07 1.1H-08 1.317-G2 1.713-04 1.335-0, 

-.Oft')+ID ".837-10 2.129-03 3.674-05 5.406+01 7.034-01 ;.£17+01 6.915-14 5.189-07 8.?55-09 1.318-G2 1.714-04 1.335-02 
1000).,1 1.e16-10 1.7::<2-03 2.'139-05 5.407+01 1.037-01 5.478+01 4.426-14 4.222-07 1.163-09 1.31R-~2 1.715-04 1.335-02 
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~ TABLE 6. Oross sections and mass attenuation coefficients for the individual and total photon atom interacdon procC$es, 1 MeY ·to 100 GeV. 
... ... ... Z=l to lOO--Continued .. 

:r N 
~ 
n 99. ES. EINSTEINIU~ ATOMIC WT. = 2SZ.083 ",SO/ICG .00023889 BARNS/ATOH MlILTfPLY./lSO.fKG BY 10 FOR eHSOIS 
:r 

~ PA IR PRODUcT ION PA Tf{ 0POOUCTlQ/1 
SCATTERING SCATTERING 

"" PH'lTON PHOTO- NUCLOR (LECTRnN TOTAL PHOTO~ NUCI EAlI ElECTRO~ Torn 
~ E..,HGY COHERENT I·NCOllEP. I:lEcrRIC FielD FIELD COIl[RENT I"'COHER. ElECTRTC fIElD FIELD 

C 
Q EV 9/A TO" BIArD" B /A TOM B IA TOM B IA 1O~ II IATOM !ISO/KG MSO IKG MSO/l<C MSOlkG HSO/KG HSC/Kt 
~ 
< 1.(100+06 1.842+00 2.070+01 1.467+01 D.OGO 0;000 3.121+01 4.400-0/, 4.945-03 3.505-00 n.ooe O.OC'O t' .690-03 

l!- 1.022+06 1.766+0~ 2.~48+01 1.406+01 O.C~O 0.00 C 3.{'31+01 4.219-34 4.892-03 3.359-03 0.0011 o.oou 8 .673-~3 

1.;>50+06 1.195+00 1.856'+01 9.516+00 2.103-01 0.000 2.948+01 2.855-~4 4.434-03 2.213-03 S.024-0~ 0.000 7.043-03 

:!' 1.500+06 ~·.37'-01 1.690+~1 6.763+~0 1.0~R+OO o.OOC 2.557+01 2.000-04 4.fl37-C3 1.616-03 2.551-1)1 O.OGO 6.10B-n 

z ? .00r,+o6 4.759-01 1.445+01 4.082+"~ 3.C7b+DO 0.000 2.7.08+01 1.137-04 3.452-0:' 9~7S2-04 1.348-0. 0.000 5.276-13 

!' 7.04,..06 4.560-01 1.428+01 3.~35+00 3.241<00 0.000 2.191+01 10089-C4 3.41'-~! 9.400-04 1.742-(H 0.000 5.23~-G3 

... 3.aO(,+06 2.136-01 10139+01 7.122+CO 6.203+00 3.978-03 1o?93+01 5.103-05 <.721-03 5.1)69-04 1.48:1-03 9.503-07 4.762-13 . 4.000+06 1.206-01 9.509+00 1.382+00 8.541+00 1.62C-02 1.957+01 2.881-05 2.272-03 :3 .30 1-04 2.040-03 3.87tl-06 4 .675-~3 

>0 
S.~OO+06 7.73'4-02 8.215+(l0 1.1109+00 1.049+01 3.221-02 1091.'2+01 10841>-05 ·1.962-03 2.410-04 2.506-03 7.695-06 4.736-nJ 

... 6.001)+06 5.377-02 7.263+00 7.879-~1 1.211+(1 4.935-02 2.026"01 1.285-05 1.735-03 1.8P2~Q4 2.893-03 1.179-1l~ 4.841-03 
0 7.000+06 3.954-02 6.529+00 6.'436-01 1.3110+01 6.637-02 2.0PS+01 9.'46-06 1.560-03 1.538-04 :!.249-0J 1.5fl6-C5· 4.988-13 

8.r.~Q+06 3.028-02 5.943+00 5.424-01 1.495+01 ·S.2110-02 2.155+01 7.234-06' 1.4Zf-G3 1.296-04 3.571-'03 1.978-~S 5.148-03 :::c 
9."0~.06 2.394-02 5.463+00 4.680-01 ·1.619+01 9.B48.,o2 2.224+01 5.719-06 1.305-C3 1.11f-0, 3.86e-03 2.353-05 5.314-.3 
1.0er+07 1.939-02 5.062+00 4.110-~1 1.734+01 1.133-01 2.295+01 1..632-0(' 1.209-03 9.a18-1)5 4.142-03 2.707-0S 5.482-G3 c: 

." 
1.1'0+07 1 .603-02 4.722+00 3.661-~1 1.B41l+01 1.273-01 2.363+01 3.829-06 I.P8-03 S.746-0S 4.396-0} 3.041-05 '; .645-13 all 
1.7.00+C7 1.347-02 4.429+00 3.299-01 1.940+01 1.405 -01 2.431+01 3·218-06 1.058-03 7.881-05 4.634-0! ,3.356- 05 5.80P-OJ m 
1.31)0+07 1.145-02 4.172+00 3.000-01 2.033<01 1.529-01 2.497+01 2.742-06 9.967-01. 7.167-05 6.1157-03 3.653-0S 5.964-t3 

,.. ,.. 
10400+07 ".900-03 3.~47+00 2.750-01 2.120+Vl 1.646-01 2.560+(11 2.365-06 9.429-04 6.570-05 5.064-03 3.932-0S 6.115-03 ~ 

1.500+07 8.625-03 3.747+00 2.538-01 2.202+()1 1.757-01 2.621+01 2.060-06 I! .951-04 6.063-05 S.260-03 4.197-05 6.260-03 Q 
1.600+07 7.581-03 3.569+00 2.356-01 2.279+01 1.862-01 2.67'1> 0 1 1.811-06 8.526-04 5.628-05 50444-03 4.448-05 604(10-,3 i 1.300+07 5.990-03 3.262·00 2.060-C 1 2.418+01 2.056-01 2.786+01 10431-06 70793-04 4.921-115 5.776-01 4.912-05 6.655-.3 

,.000+07 4.552-03 3.008+00 1.f.29-01 2.S42+Ql 2.232-01 2.884+01 1.159-06 7.186-04 4.369-05 6.073-1)3 5.332-05 6.8tl9-.3 ~ 
7..200+C7 4.010-03 2.794+0C 1.644-01 2.656+01 2.392-01 2.976+01 9.580-07 6.675-06 3.927-05 6.345-03 5.714-05 7.11 ~-O3 

2.400+07 3.370-03 2.611+00 1.493-01 2.760+01 2.539-01 ~.062+01 8.051-07 6.237:-04 3.567-05 f,.593-0; 6.1)65-05 7.314-.3 ,. 
2.600+07 2.~n-03 2.452.00 1.367-01 ;>.E55+01 2.674-01 ~.141+01 6.861-07 5.858-04 3'266-05 6.82{l-O; 6.388-05 7.503-'3 Z 
2.800+07 2.476-03 2.313+00 1.261-{l1 2.942·+01 2.798-01 ~ • .?14+01 5.915-07 5.526-04 3.012-05 7.028-0; 6.6P.4-0S 7.678-03 " 3.000+07 2.151-03 2.190+ro 1.170-01 3.022+01 2.914-01 ~.2!!2+01 5.153-07 5.232-1)4 2.795-05 7.219-03 6,961-05 1'.841-03 

G 
4.000+07 1 .213-03 1.740+00 8.587-02 ~.:;49+01 3.388-01 ~~566+01 2.898-07 £.157-04 2.051-05 a.000-03 a .094-05 8.518-03 

5.000+07 7.766-04 1.453+00 6.780-02 3.593+01 3.744-01 ~. 783.01 10855-07 3.471-04 '.62()-O5 8.58~-03 8.944-05 9.036-03 < m 
6.QOO+07 5.393-0£ 1.252+00 5.601-02 3.782+01 4.023~01 ~.953+01 1.288-07 2.991-04 1.338-05 9.035-0; 9.611-05 9·.444-03 ::D 
e.0~0+07 3.034-04 9.872-01 4.154-02 4.060+01 4.438-01. 4.207+01 7.;>48-118 2.358-0& 9.924-0t 9.699-01 "060-04 1.005-02 all 

1.eon.08 1.94;>-04 8.193-01 3.3Cl-02 4.256+01 4.736-01 "389+01 4.639-0f. 1.951-04 7.886-06 10017-0Z 1.131-01. 1.048-.2 • 
1.5~0+08 8.629-05 5.835-01 7..181-02 4.563+01 5.223-01 4.676+01 Z.061-0e 1.394-04 S.210-I'6 1.090-02 1.248-04 1.117-02 

2.COO+08 4.854-05 4.575-01 1.628-02 4.766+01 5.524-01 4.849+01 1.160-08 1.093-04 3.889-0f 101 :!4-0Z 1.320-04 1.158-02 

3"000+08 2.157-05 3.243-Cl 1.081-02 4.<>59+01 5.888-01 5.051+01 5.,53-09 70747-05 2.S82-0t 1.185-02 1.407-04 1.207-02 

4.nO~+08 1.2 13-05 2.540-01 8.087-03 5.081.01 6.103-01 ~.168+01 2.89t'-09 6.068-05 1.932-0t 1.216-02 1.458-04 1.235-02 

5.000+08 7.766-06 2.102-01 6.461-03 5.161+01 6.250-01 5.245+01 1.855-09 5.02t-Os 1.543-06 1.233-01 1.&93-04 1.253-f2 
t .OOQ+08 5.393-06 1.800-01 50379-03 5.218+01 6.357-01 S.3PO+Ol 1.288-09 4.300-05 1.285-06 1.21.7-02 1.519-04 1.266-02 

~.QOO+08 3.034-06 1.406-01 ~.030-03 5.293+~1 6.504-01 5.313+01 7.248-10 3.359-05 9.6Z7-0; 10264-01 1.554-()t. 1.283-02 

10000+09 1.941-06 1.157-01 3.221-Q3 5.342+01 6.601-01 5.420+01 1..637 -1 0 2.764-05 7.695-01 10276-02 1.577-(l4 1.295-'2 
1.500+09 8.629-07 8.077-02 2.146-03 5.412+01 6.745-01 5.&'18+01 2.061-10 1.930-05 5.127-(11 loZ 93-02 10611-04 1.311-.2 

2.000-09 4.,;56-07 6.251-02 1.608-0~ 5.452+01 6.fl27-01 5.527+01 1.160-10 1.493-05 3.841-01 1.302-lIl 1.631-04 10 320-02 
3.000+09 ?151-07 4.347-02 1.07Z-03 5.491+01 6.916-01 5.565+01 5.153-11 1.038-05 2.561-0f 1.312-0Z 1.652-IM 1.329-.2 

4.000+09 1.213-07 3.355-02 ~.037-04 5.517+01 6.969-01 !.59Q+Ol 2.898-11 [\ .015-06 1.920-07 10318-02 1.665-04 10 33~-'2 
5.000+09 7.766-08 2.743-02 6.429-04 5.531+01 7.001-01 5.604+01 1.855-11 6.553-06 1.536-07 1.321 -OZ '.672-04 1.339-n 
6.0~0+09 5.393-08 2.326-02 5.357-04 5.54 hO 1 7.023-01 S.614+01 1.288-11 ·5.557-06 1.280-01 1.324-02 1.618-04 1.341-02 

8.COO+09 3.034-08 1.192-02 4.011-04 5.554+01 7.053-01 5.626+01 1.248-12 4.2111-06 '1.596-011 1.327-02 1.685-04 1.344-.2 

1.000+10 1.941-08 1.463-02 3.213-04 5.5"2 .. 01 7.072-01 5.634+01 4.637-12 3.495-06 7.616-08 1.329-02 1.689-(14 1.346-02 
1.500+10 8.629-09 1.011-02 2.142-04 5.572+01 7.098-01 5.6·44 .. 01 2.061-12 2.1.15-06 5.117-0,8 103~1-0l 10696-/14 1.3.'.8-02 
2.nCO+l0 4.854-09 7.775-03 1.606-04 5.579+01 7.113-01 5.651+01 1.160-12 1.857-06' 3.837-08 1.333-02 1.6'19-0' 1.350-02 
3.000+10 2.157-09 5.362-03 1.071-04 5.584+01 7.127-01 5.656+01 5.153-13 1.281-06 2.559-08 1.334-02 1.703-114 1.351-'2 
&.O~0+10 10213-09 4.11o-0:! 8.032-05 5.589+01 7.136-01 5.661+01 2.898-13 9.833-~7 1.919-08 1.335-0~ 1.705-04 1.352-02 
5.000+10 7.U6-10 3.352-C3, 6.425-05 ~. 592 +0 1 7 .• 142-01 5.664+01 1.855-13 8.008-07 1.nS-OB 1.336-02 1.70b-04 1.353-'2 
6.0110+ 1 0 ~.393-10 2.83"~O3 5.354-05 5.593+01 7.145-01 5.6l'5+01 10288-B t:.770-01 '1.279-08 1.336-02 1.701-(14 1.353-02 
P.OOO+l0 3.Q34-10 2.173-03 4.016-05 5.594+0.1 7.149-01 5.666+01 7.Z41l-14 5.191-07 9.594-09 1.336-01 1.70S-04 1.353-02 
1.(100+11 1.941-10 1.768-C3 3.213-05 5.595+01 7.152-01 5.667 .. 01 1..637-14 4.22&-07 7.616-09 1.3~7-02 1,709-04 1.354-02 



:".~' 

." 

~. 

9, • !! 
~: 

1:1 
Q 

jf 
< 
~'. 

't:'o 
;,z" 
Y.~'-"'" 
,!'-! .... 
:~".: 
.. .., .. 
. :eo 
' .. ~. 

. TABLE 6 •. qr6s!iiiectionsa~dmllSa . atteriuatfori:ilpeffieieilt~fj)r' lh~.indfvia~f.l·. ~ndtOtatP1.iotoh :s:tdfuit1ter~iin,·pr~6eS~eI! •. '.1 :M~vt9iQoq~y~.· 
Z:i"fto 10~Conti.tiued . ". . , ... '.' .., .. ,' . .. ' " .' ". .' ,,' .' ":"" . 

1.'·;'100.}·it); rERMU;H. 

~PHQTON, 
ENERGY 

' .. · ..• s ~A,+T££it~iiii.. :. 
;:COH~REN:T '. fNCOHER. 

. ,,".- \.', . 

EV. ,S/ATO'" il /Ard,~ 

~~'O~O~~6:, "h900+Q:b .' 2.09ti;~' 
'.1.0n.+06 :·,.822+ob.·' 2 .• 069H1 
t .2se+0)S· ;:l~23~+OO '; f;87S~01 
;1~500."il6 '1),642.-'01 . t~707tbj 
2.1100+06. 4 .915~0~ 10460+01 
2~OH .• ii6, 4;109.:"0-1 l'4~Z+01 
3.000+06 .. : 2.206'"'01 .1'1S1t01 
4:.000+06 .; ~Z46'::019i605<OO 
S.0~Ot06 7.~9~:02 ~.P~298!Ori 
6.000;:06 . 5.551~02 7'33j,~OO 

.7.000'06 4.0t;6~02 6.5115+00 
,,~ .• ono .. o~ .3.'3p~02. 6~0.03tO~ 
.9'.000+06 2.474,,02' 5 .• 519·+.CO 
1~O~O+O:T . .7.004"'02:5'.113+00 

:1,.tontO i'J.6J7-0Z . ~. 77Q,+O'O 
. r.?00+0.7 .1'.392-02 '4'473+00 
';3~ilf:07 ,o1.1/!7-02 t:'2;4~OO 

,:1.400+07 ·;:l.~23-0t 3 .• ~87+00 
1.~OO+(i7· 1l'9B-0~· <507S5.00 
1 ;I'!~ 0+077.836:"b~ 3. t>()5+CO 
1oigO~+07 .6.192-0'3 ·3.2~S+ob 
2.~oo+0·7 .' 5;016::'03 . 3i038tO~ 

. ii206+o;7 . 4~14S,.03l.822+Cn 
.2>600+07: 3:.483""03 2.637.+00 
'7.600<012.968-03 h47t.+OC 
2,800+67 2.~59,.03 2.336.a~ 
:3i~~~+~' '1~2!o~O! 2~212~OO 
':4.000.07 ,,,,.25~,,03.. 1.158+00 
;'50~OM~7 8.02~:"04 104..~7~()O. 
,f"n 00+0 7'~,iS;;5-0 4' 1 .• 2.1\4 +0.0 
~.OGO+Ol '3~1!6~O' ;~~~71:01 

. ,.OO~+O;:' .2.007:"06. S.?7.6-01 
·,1.S00+{\8 ·.8.9-19":nS· 5.8<14,,'01. 
'2~o~6~d~ 5~~1t-os 4~62f~61 
3.oill)+(\S '2.230,,05, 3,'215'-01 
A.ooojhg. ·.1i254~05 2.56~':'Ot 
So?f)o+Ogjl ~027:06'2 .123-'01 
~oOOO+68 '~~574:':'06 1.SfE.,.:01 
8.liilC+o~· '3.136:"1)6 1.1.20 .. 01 
hOho+09.?007-06 lo16~-01 
1.';00<09, .8 •. 919-07 !l.1.5~"..02 
2.000+0.",5.017-07 '(!.j14,-;02 

:3 •. 001\+04 '. 2~~30'-07 '.4 .j90~02 
4.ociltO~ ·::~m~:~~ :.~:~;~:~~ S~OOO+09 
6;000+09 5.~74-08 2;350'-07 
eiOO(\~O" '3 ,136~O~ 1,A.1D-02 
r-ooon Q 2~'00.7~Oa J.H8-02 
, .500"10 8 ~919-09 j ,021':'02 
2.000"0 .5.0,7-;:09 7 .• 853:-'03 
3iOoo~1b ?0230':'09 5,.41t.'-O! 
4~OM+(o '1 ~254':'09 '0'58-'03 
5'.'000+ 10 :8''07.7'i-10 .~.386,,03 
6,.OM·.1If .·S.S}I.:-10 2.862-,G3 
8',00(;'+'10 .:.:3 01.36;":10' .... ~ .195;03 
.H'9bO~?J; ;:··.:iN:I) 91:710 1~ 78 0;-'03 

. .". " :;"':i:'m~:~j{,";;':''' •• ' ··''''::c; :::',. K"; ..', ':OC i ";~'~f4;,,::~~'O"'~'" '. 
·PHO,TO-. ·.Nue·LEAR· ElE.CtRON·· .. ·.TC)l:AV:·:,··. ,: ',".:. , .... , .. " .... , .I>!lom." JfllC·lFAfI.·· elECTRON ;. ::TOTAL'· 

r~: ~~:: C',' : :~~:H" .' .• :::i:,H .. : .1(~Ta,M. _. ..:::::,:::t'.i:~:;,::.:, ,t ~;~;;!~:', '~:.:~~~.:."::;::;;~,~ .: .··':K~>K,~: 
10'537+0'; ,0.00'0 .Oiaoo . 1~811+01 '4.450":04 4.895~03' 3.600:0~'o.oO():O'O{\O' 8~941:"t· 
,1.472+01·.0.00r.. 0'.000. 30123+01 i .. 268-0~. 4'~ai.6-c3 }.'4U,-03· G~llo'il' '0.0.00 . 8.721~.: 
9~970+00'20153:01: 0.000 3OQ17+01.' 2.888~il4 'h392:o1io,!-?>5",C~::S~Ot.:'3':'!lS c-nOC!·:7.C66d: 
7.~~e5+oP.'1~09q+OO: 6.1/00 . )~i\12t/lL ,2~1I2L.;04 ~'99S·-O':1~661i·,",~~~.5.74~O' .0.0!!0 . -6.,11';'-" 
.4.276+00. 3.157+00 0.000 .': 2.252+0' 10'151.:".04.,·' 3·.4llk03 ·1.(}02,",.O~,·. 10395."'0 •• ,'C.OOO.. ":S:.27.6,:r 
&.g2"+OO<H.325<'OO '.' Q.OOO ··.·.·.2i2~4+(l1· 1,'1/;j':04' J.3711-039.655-0(· ?-.788:"0'·000.oj,\.;, ·S.Z3?"'O; 
?,0222+QI\ i.'''H'l+OO.:4 ;.O~ 5.'i-03.: .2.~03b+Q.l .~ 5; 167~O S. 20~96-'-03, .S;'2()~";P'. t04t~,:,oL :9;'~ 1~';;.~7 . ";'(5~""'; 
1.4H+OO.8.?07+00:· H636'-02·t'.9.90+!l1·· 2~919.,.05. 2'Z50-03·3.3R9-0':. :1.039.,03. 3.~32-f)6 '4.'661~.O: 
1~056+00.·· 1.068>01 '.3.ZS3-02 hQis+ol1.a7iHJ5. h944~t3' Zol.n"-C6 '2.5Ilt~ll· '7.620-06 4~t1.q':'D! 
8.246~Ol· 1.231+0.14.984:°2 2:~058+01. hJQ2-05 )w:;:lfl-o.3 J •. 931.,.O~·~"III!~:"'Cq.;li167".05,·""826"'i~ 
·6.71Z.;;:q1"'.382+~1.·,6.70~-02 .,.120+01" 9.;571-06 1.545:03" 1'5.7.FO'£~"2'p';Ollf57{)"'CS, &oi965'-~~ 
5.6 75-0f '1.~.19+ (11, /! .)62."'0,2:.2 ~ 1 f!~*bf 7.33~joi ' 1d06::-0~. r'32.,9lp',,~ '~.5s·i;+~· >1.'],.sHilS J;~'124-:'~' 
·4.89~:0 1 .' ,.645+0.1. ·90"S~P2· .. 2 ';~51!+().1. S. 795-'0.6.1.293-03:.1 i·14 1:'~ L - ':-, ';1l53,.;b'~·':·.2.'329:"~~ .. :·S.:!90';'~; 
Ii .299~O 1" 1; U 1 +0 l' H11i4.,01 .' iii 329+01 '4 .694,,061 ~ 19t-'03 ·h!107 .. i)~ 4itB':'(l~. 2~68 O.,.05,S.~455~~:: 
~.e4~,:o1 118711+011.286.:.01:".40(1+:01.. .' '3.eI!1·;:'06' 1.'17-cl}.B .9'69"0,5 .• 1i~38P":(I~ .'3 ~OJ2"ri5:' '5~621 J~: 
3;'450.,.01 .1.97,.1 +C1h 419':'0 1 ·~'46B+l':1",;3'261-:0il1·~\)4'!1' .. o3· 8 iJ.I8'';:()5';.'~6i7,"Oj';3 .324':05' :.5~ l1i~:"~~ 
'3.138;',0, i. ? .065~011 ~S~4-'0 l' " b53{.,.~1;- 2.78G~06 9 .• a,?, ':'tl4F551i~05,".837'"03.;,',3~t.1 "{-"OS:? ~i}36::-~~ 
2.876-0" ,2.154+01, j,662:0 1 ..,5 9.9 +/) 1" . '2.396-069.339"0.4· ,6 ;'73,7-:05 .,S' 04 ~-"ol·.3.893-'.05 .. 6.0S'8-~~ 
2.65~"G1 . 2;i37,+G1 1.77t.-~,1·2,.66i+:Ii,'r' '2.088-'0';' !I.B66-0.£ :6'219-,n5.5.~i;O':'D~ :4.1.5,5':"C5·'·6~2j2~~3 
;!~~6"'-~1"'2.315+o1'. 1..880..,01: i.72(1;;'01. 1.835~06·. 8.i.i1t,..ti4~.712";O~ •. ' S.~:423':"H ... 4.40.~,..05: '6.371:-'0;3 

'20.154"01; ·~.£.S7.01'" ·2.076':'O~ .. : .. 829.,,01, . 1.450-"06' .1.718>;1'4 .5.oii5':'1i5.,.~~7!i5,,03· 4i86~.:"ils6~627-~3 
.1 ~912'-O 1 ·'2.583"01 Z.25Hi 120 929"1'11, ·t ~ 17S"Of 7.116~Oj""·4.'6 79':'O~ I1~05·O:'O·3'S.i?8!1-d5 ·6.1l6i:';~3 
1t719-,ci'?.6'J9;'01 2:.1.1S~01 1~023+!)1' 9.709-:17 b.61Q-&4'4,: .. l\i6':'OS ',i;.32i.7"03.5.657':"C5,,:7~o!i1~~3 
1. 561 ~II l' 2 .6.oHO 1. 2.563'::01. Jo', 0\11' 01' • il .• l~8":o7. 6 "17~!l"':3 ~656;'056~5~8-,jj3 ".6.{).0·3':'0$ ,1'283;;')~ 
1.429~01 '. 2090;+01- 2~6q9':'01 !.190JOl 6',952-:-07' 5'00'0:.04,,;, 3.34i":o~;6.795':1i3'6.322~CS;':7'47E~3 
",316.01 2,990.01 2;82S-Q.1 h~6'5:H'S.994:"01 5~H2;"04·,\·3~O.81";O~·'~.0.OA:-ql: 6.617':"~~' 1;;.6.~1I':'~3 
1.223-01' :3 •. b7HO'·, '·2 .942-01 :;.334+01 '5 .• 223 .... 07 · .. 5.181'-04::'.2 ,86'S;·OS· ',. 7 •. 193~OS: !\·.l.!~:kC5 .. ·7.81-i)-)3 
8.,91~";il2 .' 3 i4o"W1:, i.42o":pl',3'~2~:'.01 '. 2~93?-()7f.lll1-0"·;2;10~,:Or:7..1j73'~H!.!,~011.:':p5.8Y487-)3 
1 .• 0f1:'1I2 .. . 3.652'+01 3;77.9-01',,3 .•. 844.+01' 1.S80,.07· '3.436-01; .. ,'i660.,.iH; ,. 8~SSl.o:03 .' 8.S52:"C,S .9."0:tJ~:-Y3 
S.RS4:-02 .. 3~a'S"01 . ii.0I10:'01, :.~01tS+1I1·· 1.306-07.'. 2.0961:'04 '1'.;'371:-05 ·.iI.Oil6~U·· 9.:S1tHS:i'.h.1':'13 
'4 ~342-02 4 .12e~G1"4.4 79:"01', •• 27.7+11:1 c.7 .346:"082 .336:01.'. '.D·17:-0~ ~'H669;'ii51'.049,"bi1~OO 2'::12: 
3.450-'0'2 ,40328 "0," 4.780'-0 " •• 462+01 'H70 'i-1I8, ~939.~04' II .oBl-oLho:l4':'oZ. .1.120'-04: .'. i ol)1.!fd2 
? .279-0t i. 0.640+01:5.271 :01' d754~o1' • '2.0B9;:-O§ .•.. 1.31!1":0~,.·5.lje.,;.o~:: 1:'08i,,:o~")'6:!!i':t4:1i114~'~1 
10 702"'02 4 '''21>''0.1' 5.574.,.01. .. 930,,;0 t., . . ,.'75'-08 .1 .• 082'-04: .3.98 7-"M' 1 •. 130-':O~·h306·-~'4' ·1 i15~-.)2 
1.12~'-02 '5 •. 1I43+01 .~~940-:-01 ;, Ti t3Mo1 :f~223";:~9' 7.671 ;,/).5 ',;2~'645':ilt;,,;U'181-i!~' •• j .• iH,,:aJ.'· 1.20j,,;~2: 
a.4sFc3,· Sq67~IH·6.1;7-01· S.25s+·012.937-::09 ,6.oQa-:o~ 'J.980-0~ .. Hi!1.~::'02,.1~"42-:C·41.231-'2 
6~i~ 1-0>3\>502.40+01 '6.304"'01 $ .333':01 '1 .8~O:-09 . 4 io9i3:-os,1~'58f'::oi'.1 .. ~i9:-~~. '.1 .4'n-~4".1.249:,;~2 
5.6 ~1;"03 ~.3C16,+O j ; 6 .412~01 S.~59"01. 1~31i6-'09 . 4.258"'.0 5·;.3H.-:oe ' . .:1'.21.3:-0 Z • 1 ~S{l:!~~4,h262:")2' 
4 .211-03.5.38 3.01'6. S~9~01 s. 463~01· 7i346:" Ii . 3 a326-'OS·'9;i!6i.:-O 7 .1~~61-:b'Z,f .. 536:-c~ .f.2lj():-)2 
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Table 7. Values of atomic weights a Ar and 

typical densities b p for the elements. 

Table 7. (oontinued) 

Ar , atomic wt .• 
10.3 k9/mo1 

p. densitYt 

M9/m3(o 9/em') 

Symbol 

H 

He 

L i 

Be 
B 

C 

N 

o 
F 

Ne 

Na 

Mg 
AR, 

Si 
P 

s 
Ct 
Ar 
K 

Ca 

Sc 
Ti 
V 

Cr 

Mn 

Fe 

Co 
Ni 

Cu 
Zn 

Ga 

Ge 
As 
Se 
Br 

Kr 

Rb 

Sr 
y 

Zr 

Nb 
Mo 

Tc 
Ru 

Rh 

Ar • atomic wt .• 
10-3 kg/mol 

1.0079 
4.00260 
6.941* 
9.01218 

10.81 

12.011 
14.0067 

15.9994* 
18.998403 
20.179 

22.98977 
24.305 
2fl.91:l1!l4 

28.0855* 
30.97376 

32.06 
35.453 
39.948 
39.0983 
40.08 

44.9559 
47.88* 
50.9415 
51.996 
54.9380 

55.847* 
b8.9332 

58.69 
63.546* 
65.38 

69.72 
72.59 
74.9216 
78.96* 
79.904 

83.80 
85.4678* 
87.62 
88.9059 
91.22 

92.9064 
95.94 

[97.907. 4.2xl06 yrJ 
101.07* 
102.9055 

p. density, 
Mg/m3(c g/cm3) 

0.00008988 (gas. H2) 
0.0001785 (gas) 

.534 
1.85 
2.535 

46 

47 

48 

49 

50 

51 

52 

53 
54 

S5 

Slffllbol 

Pd 

A9 

Cd 

In 

Sn 

x, 
Cs 

106.42 

107.868 

112.41 

114.8, 

118.69* 

121. 70" 

127.60 

126.9045 
131.19' 

131.9004 

11.15 

10.49 

8.65 

7.43 

0.75 - 7.29 

6.62 

6.25 

4.94 
.1}J589b I gas) 

1.873 

1.4 - 2.25 (graphite) 56 Sa 

L, 
Ce 

Pr 

Nd 

137.33 

138.90,5* 
140.12 

140.9017 

144.24' 

3.5 

6.15 
b.~U 

6.48 

7.00 . 

&7 0.001260 (gas. NZ) 58 

0.001429 (gas. O2) 
0.001696 (gas. 1'2) 
0.0008999 (9as) 

.971 
1.74 
2.70 

2.42 
1.8 - 2.7 

1.96 - 2.07 
.003214 (gas. C~2) 
.001784 (gas) 
.87 

1. 55 

3.02 
4.5 
5.87 
7.14 
7.3 

7.86 
8.71 

8.8 
8.93 
6.92 

5.93 
5.46 
5.73 
4.82 
3.12 (liquid) 

0.003743 (gas) 
1.53 
2.6 
3.8 
6.44 

8.4 
9.01 

11.50 
12.1 
12.44 

59 

60 

61 

62 
63 
64 

65 

o. 
67 

68 

69 

70 

71 

72 
73 

74 
15 

76 

77 
78 

79 

e·o 

61 

62 
63 
84 

65 

86 

67 
88 
89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
100 

Pm 

S~ 

Eu 
Gd 

Tb 

[144.913. 18 yr) 

150.36' 

151.96 

157.25' 

158.9254 

7.22 

1.7 - 7.8 

,.259 

7.948 

6.272 

oy 16l.'O· 

Ho 164.9304 8.603 

9.051 

9.332 

6.977 

Er 167.26* 

Tro(1u) 168.9341 

Yb 

lu 
Hf 

" W 

Re 

Os 

lr 

Pt 

Au 

HI 

Tf 

Pb 

8i 
Po 

At 

Rr. 

Fr 
R. 
Ac 

Th 

em 

Bk 
Cf 

I:s 

fm 

173.04* 

174.967' 

178.49' 

180.9479 

183.B5" 
18E.207 

190.2 

192.22" 
195.0S' 

196.9665 

200.59" 

206.9804 
[2OS.S82, 102 yrJ 

[209.S87, 8.1 hr) 

[221.018, 3.824 d) 

[123.02C. 22 min] 

9.872 

13.3 

17.1 

19.3 
20.53 

22.8 

22.42 - 22.8 

21.4 

19.3 

13.55 Iliquid) 

11.86 

11.34 

5.78 
5.31 

.00996 (gfts) 

[126.0254, 1600 yr] S. (7) 

[227.0278,21.77 yr] 1D.C7 

[232.0381, 1.40Xl010 yr] 11.00 

[231.0359. 3,28.104 yr] 15,37 
[238.051,4.47.109 yr] 18.7 

[237.0482', 2.14xl06 yr] 19.36 

[239.051. 2.41x104 yr] 15.92. 19.84 

[243.061, 737Dyr] 11.7 

[247.070. 1.55.107 yr] - 7 

[247.07e', 1400 yr] 

[~Sl.080, 900 yr] 

[252.083, 472 dJ 

r257.095. 100.5 01 

a ~~~~~ai~ii~~~o~r~l~~!i~r::O::C r~=~de~rbY f~~ s~~~s:~:e~~ A~~1 ~O~ei9hts. 
lnorganic Chemistry Divi!,;on, International Union of Pure and Applied Chemistry 
(IU'Ae) [143.144). For unstable elements each listed A -value is for the 
lonQe.t ~no.n half. life [minutes Imin.), hours (hrl. d,yI (el. .no YO'" (yr)) 
isotope ta.en from the CAW/IUPAC 1977 listed values [143J cOll1pil.d by W'pstr. 
[145J and Holden [146) except in the ca .. of PulZ, 94) for the most 
t.c,no10gioa11y important isotope (mass-number 239 j"tead of 244). An 

:~~r:i:d {:~c:~!!~~~~g o~n t A§ ~~l~/i~s: ~~~n~ f~~~~~e~i~~!~~:S e~~l1ts 
the estimated uncertainty is ~ 1. 

bTypical censities ~9 reproduced here from the listing docunented in reference 
[26] (Table 1..1). are for coomon solids and liquids (.nere indie,ted) at 20· C, 
and for gases (where indicated) at S.T.P.: .0" C9 760 nm 1-19. 
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